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Chapter I

Introduction

Jo.R, Heirtzler and E.G, Zurflueh

In a sense this is a "housekeeping" report in that
it brings together, in a more or less orderly fashion, for our
own use some of the analysis techniques that have been used by
various persons at the Lamont Geological Observatory. It is
felt that such material may be of interest to individuals in-
itiating an analysis of the geomagnetic field intensity for
purposes of determining earth structure.

In the measurements of the geomagnetic fileld intensity
in marine areas by Lamont it has seldom been possible to take
measurements over a ayatematic grid and construct magnetlic contour
charts. Measurements usually consist of a magnetic profile
along the track of a research vessel, these measurements being
taken with & towed magnetometer that records the total intensity
of the geomagnetic field. Over a period of time our ships and
other ships and aircraft have made sufficient measurements in
some areas to permit a general description of the magnetic a=-
nomalfgs even though track spacing and heading prohibit contour-
ing. Frequently such a general description can substantiate or
refute geophysical hypotheses and suggest guide-lines for future
investigations.

An attempt to deduce exact geophysical information
from a limited magnetic profile is recognized as a highly un=-

certain undertaking, especially when control of the time
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variations is doubtful. Alternatively, analyzing a high densi-
ty of profiles on a statistical basis may be of value if no
errors in basic physics are committed and the limitations of
the techniques are understood.

The structures causing magnetic anomalies can fre-
quently be treated as cylinderical, or two-dimensional, i.e.
extending to plus and minus infinity in a direction parallel
to a coordinate axis, Two-dimensional structure seems to be
particularly common in certain marine areas, see for example
(Vacquier, et.al., 1961) and (Heirtzler, et.al., 1962). It is
instructive in such cases to determine some of the configu-
ations of magnetic materials that can produce anomalies similar
to those observed. An electronic digital computer program to
calculate the anomaly that would be caused by an assumed two-
dimensional structure has been used by this institution for
several years. It was originally written as a program for the
IBM 650 by M. Landisman of Lamont. I\ was written again for
the IBM 1620, because of the convenience of that computer. It
is the formulation of this second program that is given here
but, naturally, both programs give the same answers,

In order to give some crude feeling of how thé various
geometrical ractors affect the total fleld anomalies a brief
selection of anomalies for simple bodies is given in Chapter III,
With the large number of geometrical parameters that are important
in this calculation i1t 1s clearly impossible to give a complete
handbook of anomalies with one parameter varying at a time, The




relative importance of the parameters is discussed in Chapters
III and IV,

In Chapter IV a close examination is made of the calcu-
lated anomalies for those bodies with vertical sides. A working
set of rules is presented to determine the configuration of such
bodies from observed profiles, In that Chapter it 1s also
shown how far mathematical theory can be carried without having
to make very speclalized assumptlons about body conflguration,

In connection with the presentation of interpretational
techniques in this paper, a brief listing of some of the pertinent
literature is given here with short comments on the contents
of each publication,

Several authors give sets of model anomalies, usually
accompanied by rules for depth determination and formulas for
the particular model used. In this way Haalck (1927), Gulatee
(1938) and Heiland (1946) compute model anomalies of the hori-
zontal and vertical components for different bodies. Nettleton
(1942) determines the vertical intensity anomaly for various
geometric configurations. Henderson and Zietz (1948) treat the
effect of point and line sources with respect to total intensity
measurements. In 1958 the same authors published a paper on
the use of magnetic doublets in the interpretation of total in-
tensity anomalies., Vacquier, et.al. (1951) interpret total in-
tensity maps with the help of three-dimensional (prismatic)
models and computed second vertical derivatives, Zietz and

Henderson (195);) use three-dimensional double layer model fields
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for the analysis of total intensity data, Baranov (1955)
standardizes his model calculations by reducing measurements
for different inclinations to vertical field conditions.
Smellie (1956) gives total intensity depth factors for point
and line configurations of poles and dipoles. From general
mathematical considerations Smith (1959 and 1961) derives ine
equalities which can be used to estimate depth and intensity
of magnetization for arbitary bodies.

Before the advent of the airborne magnetometer the
horizontal or vertical components were measured almost ex-
clusively and the model anomalies were treated accordingly,
Since about 1946 total intensity measurements are used in
general and the newer literature usually refers to total in-
tensity anomalies. According to potential theory it is possible
to calculate any component from measurements of any other com-
ponent if certain conditions are fulfilled (for example see
symmetry relations on page 2-9), A group of papers deal with
the conversion of one component into another and with the re-
lated problems of computing derivatives and upward and downward
continuation,

Skeels (1947) was the first to explicitly point out
the general possibility of the above mentioned conversions by
surface integration. Vestine (1941) and Vestine and Davids
(1945) also point out the importance of integral methods in mag-
netic interpretation. Hughes and Pondrom (1947) describe the
calculation of the vertical intensity out of total intensity

R S
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data. Skeels and Watson (1949) treat the problem of conversions
in a more general way. Henderson and Zietz (1949a) give a
method for the computation of second vertical derivatives and

in another peper (1949b) they analyze the upward continuation

of the field. Peters (1949) treats the problems of upward and
downward continuation and the calculation of derivatives., He
also derives methods for the direct determination of basement
structure. Henderson (1960) relates the different operations

of conversion to one basic formula and uses expressions suitaw
ble for use on electronic computers.

Another group of papers 1s concerned with the inverse
problem of the calculation of magnetic anomalies caused by
bodies of any given shape. Gassmann (1951) describes a graphi=-
cal method of effecting the triple integration necessary for
the solution of this problem. Baranov (1953) works out another
graphical method with a different sequence of integrations,
Henderson and Zietz (1957) simplify the computation of a total
intensity anomaly by projecting & map of a given body in the
direction of the earth's field and using a modifled Gassmann
process for the integration. Talwani and Ewing (1960) calculate
the anomaly by dividing the body into parallel and polygonal
laminae, similar to the treatment in this report. Their method
is put in a form which can be used for digital computers,

Vajk (1951) and Nettleton (1954) analyze the first

step in magnetic anomaly interpretation, namely the separation
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of anomalies from an assumed regional field, A summary of the
differe.t interpretation methods is given by Kohler (1958),

His work also contains a rather complete list of references
which includes papers from the large Russian literature on this
subject. Lastly, there are extensive, company classified tech-

niques used by the geophysical exploration companles.



Chapter II

The Mathematical Expression for the Magnetic Anomaly
over a Two-Dimensional Body of Polygonal Cross Section

M. Talwani and J.R. Heirtzler

A. Derivation of the Basic Formulas

It 1s characteristic of geophyslcs texts to derive the
expressions for the horizontal and vertical magnetic anomalies
by andlogy with the expressions for gravitational anomalles, In
the present report the expressions for the horizontal, vertical,
and total field anomalies are derived from basic magnetostatic
theory.

Consider the volume element Ax,Ay,6% located in
an external magnetic field (Fig. 2-1).

yX \
W\ /0y

2-1
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We assume that the velume element has a uniform mag-
netization M. Let [= be the magnetic moment of the element.

Then

F‘= F"’AxAu,A%

The magnetic potentlial, at the origin, due to the volume

element is

~lp -

H‘x - M.’v +M.a.
(X v op® - at)h

P =

T ax 8y Az

where
-» —
";’.:Tx - c’+’ﬁ-§.

At the origin the potential of a rod of cross asection
AxA2 and infinite in the y~direction 1is

o
f=A,XA-zj Mex+ M, g+i1,3
- (X"i-"'-l- 2")""

= zuaz/"’:" ""Ha‘}
AR N

The vertical magnetic field strength, V, is

V= =20 - zavaz [ 2rEH- My(n2Y)
L (x‘-*.il.)&

(2-1)



and the herizontal field strength, H, measured in the x direction
is

X

#= =28 L pacas JH(Fiaxan, ]
(2-2)

e at

The horizontal field strength measured in the y-direction is zereo
since y is not contained in the expression for the potentlial, If
iris the induced magnetization this means, physically, that we
have not included demagnetization effects. The above represent
the magnetic anomalies caused by the rod, that is the regional
field strength is not included.

Consider the lamina shown in Fig. 2-2, infinite in the
y-direction and infinite in the positive x-direction.

....... -Gz . A

b €—



By the use of eqs (2-1) and (2-2) one gets

o «

o
V = ZA%S H‘l&i—M‘(x‘_Q‘)
x (X%« a+)*

= ZAQ‘{H"%“HE&}
N—Q

x¥ o et

(2-3)
> 1
H= ZA*‘I My (t-2) + Mi2xz
Y CLFTET L x
= ZA%{Mux "'”-a*}

Kb+ 2%

(2-4)

The variables x and 2z in (2-3) and (2-ly) represent the coordinates
of the end of the lamina. If we had taken the lamina running in

the opposite direction, as indicated in Fig, 2-3
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o>
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Figo 2-3

we would have obtained

V= za% {“"‘x* *”;X}
Xt g-

H = lbi{—Mx* _H*%§

KL N

+3



26

Notice that V and H bear the opposite signs to eqs (2-3) and
(2=4)es Next consider the prism shown in Fig., 2-4, infinite in

the y direction.

\ (Xg, 22)
Fige 2=l

The expressions for V and H at the origin can be obtained by
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the integration with respect to z in eqs (2-3) and (2-4):

2
= M,z - H
Y L“ . ’xsu
Xt + gt (2-5)
]
Ta
H =1_J {M,‘x +H‘%}
S
2 L L
(2=6)

The integration is carried out from the small to the larger & .
In eqs (2-3) and (2-4) the variables x and z represented the co=
ordinates of the end of the lamina, For the prism x and 2 are

related by the equation for the line AD:

X = (X, +2, wtd) (ot )z,

If eq8s (2-5) and (2-6) are integrated and the variables r and

used instead of x and z one obtains:
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V = 2 sien .‘b[n‘{(e‘_g.)u,¢+ s..;(;.!..:,(r;/ﬂ)}

%{(9;"91) Sen @ - “-‘¢L‘7(rl-/"c)ﬂ (2=7)

H =2 sun ¢[Hg[‘(0._-a,)5u'-¢-—-co:¢{oy(n /v )}

+Ha[(9‘_9‘)“‘¢+ ,,_;_;-L.;(";/PJ}J.
(2-8)

Had 1t been assumed that the prism was oriented as in
Fig. 2-5 the above would have been preceded by a minus sign,

i
1

W - e e -

Fig. 2-5
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In Figs. (2-4) and (2-5) the prism extended infinitely
in one of the x directions, It is clear that H and V for a body
of finite x dimensions can be treated by assuming that it consists
of two bodies (ref. Fig. 2=6). One must be careful with directions
of angular measurements and with signs in working with these

equations.

Fig. 2-6

The procedure indicated above can be extended to any
number of prismatic or polygonal bodies each with many faces and
each with its own magnetization. This derivation does not take
into account nonuniform magnetization such as would exist near
the cormers of the bodies. In fact the actual geological bodies
probably do not have distinct corners and nonuniform magneti-
zation 1s believed to be unimportant.

It 1s interesting to note the symmetrical relationships
of the factors in egs (2=7) and (2-8)., That symmetry shows that
vertical magnetization effects the horizontal anomaly to the same

extent that the transverse magnetization effects the vertical
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anomaly and that the transverse magnetization effects the hori-
zontal anomaly to the same extent that the vertical msgnetization

effects the vertical anomaly.,

B, Induced and Remanent Magnetization
and the Total Intensity Anomaly

If one wishes to utilize egs (2-7) and (2-8) for the
calculation of the V and H anomalies due to induced magnetization
only he would write

M=kF

where k = magnetic susceptibility
Fa undisturbed regional total intensity vector

and as illustrated in Fig,., 2«7
My =k Fp =k F cos I sin s

M, =k F, =k F sin I

'Po-'ra\h\
+o shri ke

-
<5

Figo 2"7
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I = inclination, positive if F is below horizontal
(northern hemisphere)

s = angle of strike, measured from horizontal pro-
jection of F and either positive or negative y=-
axis., s must always be less than 180° (and thus

sin s positive) since we will specify that the co-
ordinate axes are oriented to make F; positive.

This orientation of the saxes must be borne in mind

for the correct interpretation of results.

If one wishes to utilize egqs (2-7) and (2-8) for the
calculation of the V and H anomallies dus to a body with remanent
magnetization, and not to include induced anomalles, he would
write

My = Mpem cos a s8in b

My = Mpem sin a

where

a = inclination of remanent magnetization vector below

horizontal

b = strike angle of remanent magnetization vector

measured between horigzontal projection of i;em
and positive or negative y axis, less than 180°.
To apply the equations as written the axes must be
oriented to make My positive.

If 1t 1s desired to use eqs (2-7) and (2-8) to get the
V and H anomalies due to the total magnetization (induced and



remanent) one should write

My = Mg, ¢ co8 o sinF

where

o = inclination of total magnetization vector below horie-
zontal

P = strike angle of total magnetization vector measured
between horizontel projection of T‘;ot and positive or
negative y axis, less than 180° To apply the equations
as written, the axes must be oriented to make My positive,
Regardless of the assumptions used to determine V and

H, the anomaly in total intensity is obtained as follows:

Let T be the anomaly in total intensity, then

(F+T)2 = (Fy + HZ + (Fy)Z + (F, +V)2

Since there is no anomaly in the y direction (ref., p. 2=3).
Squaring, dropping terms that contain the square of V or H and

remembering that

L L
F =F:+F‘;+F“

got =u (F 12
T =R (E)evie).
Refering to Fig. 2-7

T =Hecos I sins +V sin I. (2-9)
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An electronic digital computer program to calculate

V, H, and T is given in the Appendix.

Eq (2-9) illustrates that, if the anomalies are smsall
relative to F, then the anomaly in total intensity is the com-
ponent of V and H in the Direction of F, See Fig, 2-8.

*\ dirachen

."?

Fig ) 2.8

The magnitude of T is composed of the projection of H
(H cos I sin s) and of V (V sin I) in the direction of F. This
geometrical picture is invalid if the anomaly 1s large (we
dropped squared terms in the derivation of eq 2-9) and a more

adequate vector diagram must be used,



Chapter III

Computed Magnetic Total Intensity Curves
over Two-Dimensional Bodies

G, Peter

A. Description of the Model

With the aid of the computer program (see Appendix) a
few families of magnetic total intensity curves have been com-
puted in order to show the changes in these curves, when the
ambient magnetic field directions and the geometric properties
of the model are varied. The different sets of curves have been
obtained by varying one parameter at a time, Grouping the curves
in this manner enables one to make & qualitative analysis of them.

The curves are discussed in section B,
%

f

TN 3
DAl

Fig. 3-1: Ground Plan and vertical
gection of assumed two-dimensional model

Nunes

x = line of measurement 8 = strike
d = depth of burial W = Width
D = vertical extent

The model used in these calculations 1s a two-dimension-

gl rectangular body, which has infinite length in a horizontal
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direction (see fig. 3-1). It has vertical sides, except for the
group 6 curves, where the sides have % 30 and + 60 degree angles
from the vertical. For all calculations the model has uniform
iasotropic induced magnetization of 0,001 emu, it 1s in the northern
hemisphere where the field strength is 50000 gammas., The pro=-
Jection of the magnetic north on the profiles points toward the
right.

The total intensity velues are computed for a line of
measurement (profile), which is horizontal and at right angle to
the axis of the bodye.

The various curves are grouped as follows:

1, Variable inclination I (figure 3=2)

2. Variable strike s (figures 3=3 to 3-7)
3. Variable depth d (figures 3-8 to 3-12)
ko Variable width W (figures 3-13 to 3-15)

5. Variable vertical extent D (figures 3-16 to 3-18)
6. Slanted bodies (figures 3-19 to 3-22)

These curves are only a selection for a few varied
parameters, Additional information can be found in the papers

of Haalek (1927), Gulatee (1938) and Heiland (1946).

B, Discussion of the Computed Curves

The following 1s a short discussion of the general
characteristics of the computed curves and of the effect of the
various magnetic and model parameters on them. Some elementary
characteristics are also mentioned. Conclusions are derived

mathematically in Chapters II and IV,



1, Variable inclination I. (Figure 3-2).

The major features of the magnetic anomaly picture
due to induced magnetization in the northern hemisphere con-
8ist of a maximum on the south, and a minimum on the north
silde of a structure., For a symmetrical model, if the strike
8 = 90° (the strike s is defined as the angle between the
geological strike of the two-dimensional body and the magnetic
north) in the case of I = [;5° the size of the maximum and the
northern minimum are equal in amplitude, and the maximum and
minimum are symmetrical about the center of the model. For
smaller inclinations the northern minimum is the dominating
feature, Figure 3-2 also shows that there 1s a symmetry about
I= h5°; in other words for equal inclination differences from
I= h5° the amplitudes of the maximum and minimum are equal,
and their positions with the respect of the center of the body
are equidistant.

The above statements applied to a symmetrical model
are true for the negative inclinations (southern hemisphere)
except that the north and south sides of the plcture are inter-
changed.,

The above mentioned symmetry around I = 45° exists be-
cause of the symmetrical model used in the calculation, and is
due to the change in the relative importance of the horizontal
and vertical components of the magnetic field at I = }45°,

2. Variable strike s (Figures 3=3 to 3=7).
Figures 3=3 to 3=7 show the effect of the strike with

various inclinations. It can be seen that with decreasing strike
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angle the meximum of the total intensity curve becomes wider, it
moves toward the center of the bhody, and its minimum toward the
north decreases. In the s = 0° case there i1s no minimum (only a
maximum with all the inclinations) and the maximum is symmetrical
about the center of the body. Because of the type of the model,
at I = 0° and s = 0® there will be no anomaly observed. The type
of the model and the increasing importance of the horizontal come
ponent of the magnetic field toward low inclinations requires
that the strikes have a greater effect on the low inclination

curves,
3. Variable depth d (Figures 3-8 to 3=12)
. Variable width W (Figures 3-13 to 3=15)

Se. Variable vertical extent D (Pigures 3-16 to 3-18)

These three parameters of the model were individually

changed, keeping all the other parameters constant, in order to

gsee how the shape of the total intensity curve respond to these
changes at varlious inclinations.

The variable depth curves show wider and smaller anoma-
lies with increasing depth. The variable width curves cannot be
analyred alone, because the shape of the curve depends on the w/a
ratio. It can be deduced from these curves that when the W/4d =
1, the horizontal extension (A) of the anomaly curve (the hori=-
zontal extension at 50% maximum value, or 50% minimum value at
low inclinations) 1s quite insensitive to the width of the body.
When W/4 & 5, the change of A almost entirely depends on the
wldth, and A approximately equals W.



The flattening of the maximum peak, or at low inoli-
nation of the minimum peak, is due to the effect of the lower
edge of the model; that is, the effect of the vertical extent
of the model D, On the curves near I = hS' there is a shallowe
ing between the maximum and minimum due to this effect (see Fig.
3=17) which can clearly be seen at smaller values of D, This
flattening effect is evident when D € W, When the width is much
greater than the vertical extent, the maximums or minimums of the
anomaly curve will appear at the edges of the body, while over
the center the curve will be shallow, and nearly horizontal,

This effect can be seen also on the variable width curves at W =
15 lm, when the width of the model is equal to its vertical extent.

It 18 evident that there is an altitude of observation

above which the effect of the lower edge cannot be observed,
6. Slanted bodies (Figures 3-19 to 3-22)

The present calculations are over four different models.
The tops are horizontal and symmetrical about the center of the
coordinate system, the sides are 30° and 60° from the vertical
toward the north, and on the other two models, toward the south.
The lower edges are horizontal also, and they are at 15 km depth.
The magnetic total intensity has been calculated for three inclie
nations over these models, in order to show the change on these
curves due to the asymmetry of the models.

The general picture of the magnetic total intensity over
these asymmetrical bodies is the same as for symmetrical bodies:
there is a maximum to the south, and a minimum to the north of the
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body (northern hemisphere), but now this maximum or minimum does
not depend entirely on the inclination, but depends upon the
shape of the body also., The various symmetries in the total ine
tensity picture, which were mentioned at the group 1 calculations,
are only valid for symetrlical models, The total intensity
picture 1s different at all inclinations for an asymmetrical body.

Because the mass is more distributed, the amplitudes
are smaller; over the slopes of the model the anomaly becomes
wider, and over the sharp tapering edge near the obaservation line
(surface) the anomaly is sharp and pronounced. These effects can
be seen by comparing the two oppositely slanted models: Fig, 3-19,
Fig. 3-21, and Fig. 3-20, Fig., 3-22, All four figures show that
the shape of the upper part of the model has a dominating effect
on the anomaly curve, while the deep extension of the model only
causes the widening of the maximums or minimums over the sloping
side,

Except for the symmetry relatlons, the same conclusions
glven in the previous sections can he drawn for these slanted
bodies at various strike angles s, and the 4, W, and D changes
would also have similar effect as they had on the symmetrical

models,



T ; - T
i f f i
i : 1
[$33 4 -~
i 4 T
81 : 13
5 j i
1T i

5 it Teis

i

+

ik

b3y 5383
I3 288

s
7

Exone

3 8 2E3e

T
e »eS
1
T
1
:
po o
1
[Sobs seppe oy o
TR T

1h

gapn!

WM.WH

it S3ess STENS
Spos: tyses




3-8

$2333 =022 25323 SE32S SELLT SETIL S3ITT ST s30as arT spesa ans T rou nae Ty YT . .3 Ty - Ty s ——p- mms YT v
19844 3331 SS85Y $5434 SESES SESIE &3 B & ST NET e 53 1
pg S9¢ gl 29504 ¢4 H t e 1 by 1. T t t 1 sasdes b
3 os SeBYS i3 5% 20903 55s pas : + > 3 3 3 T
sognsIDEn sesnna; iy au Tt T t T T T
$ ia§as o : T H :
Seg9u seud T $ + : t 1%
FITTIIRAL 1002 0e: + I Tes oF aieen: L ¥ 3 T +
1T 2 23 253 ¥ T T + + +
oot 3 5aa.11 11534 TN b s T T ¥ ¥ 3
pRE $9998 vats T 1 T 4
41 i be : 1 : T 3 ;
‘ t : HH T +
Ree 5904 9 T Tt 1 T o) et
» + . D) i 1 T
o003 tofey bod s Ji33 ¥ : Tt T
f=ss sovnd suues songe sxas T :
3538 SEE%7 13 a1 32 H
bs o1 n soed s T bt
ued 8 T I
Ao - Beas 989! H T + T
e : Hod t 2984 & . T
1 b o 3 1 Z
I ¢ t11H 1 3 T ¥ : T
2838 ad 29504 POSEE ki - e T iSen T T 3 T 1 1
1993 e ba: 1 sy 532 ¥
sl saads iedls 1 T i : T 1 T ¥ aaks susss
=T * T T e = s T i aaa snan:
s o83 a8 23 1283 +
PE0Y Hoage u 1098 ¢egge bes sod Y + T T T gass
B 2 S 06 ex: + S 1ogee Y ot : : :
T + : T . + + : $
Roes Saad ¥ : : o3 : : 3
Te T " g5 244 + : 3 > ; S 3 :
T T T : : T
f i3 2S5 & 1
o 1 T T
9ds i T 1og I pes X T Jesss sas 2 521 , + 3
[Sgas S8y T pe s 3 1ne T Y ve T + +
T peoes ou:
L 1322 14994 25083 sas s : : - T
b4 sady SSSeS PEoTS FoS & eda ue s
+ T - + B Ews A5 EE: : +
appe : jobu + T t 1 t
33 Soous seey + :
+ + z o % tS R o 1 e ;1
T : t ?
: T T 3 1
pase ey pes pSSSs nyohs ppuus bads 1
= caad 33 IS Soai T v T T
b TT jEoe sany a1 ¥ <
ey e T T T
joge j3as age = 5 i H
L 1uy +
T PPy e i "
T
et ]
=} : $
- i o4 s e L
s : v szog o =+ $ 0s
.y t £
soety T age:
aaas { %4 5w & T T + T ee:
b T
: 1 T
b T : T t
Ians gaq T
T :
: 1 ja i % stas > 3
W‘ > T = > 22 o s oy
» t T > : r
s A +
1 :
o .
T T
T ase
: e 1 :
T T T 3
msad evres seet : =
+ $ as : . 3 :
1 T . +
T 1
n : :
t T T
i rn T 1 .
x Y T + ras s 2 * *
2 1 T
+ T T i T
+ H 3 T T
N s i T
§ it 1 1
b =22 z T Y. = el 3 e 1 z : i 3
1 )N T pa : Z X 5 ). e .3 - +
T e 1 T
gess e2 e e th
T : :
o oy T +
1 = T T
T +
L F I t yas iad 1 " T
: T HH . > $ T
1 a > 1
. I : i der T T
: T : T T 7
- 3¢ ¥ < +
sege ¥ ees:
e IeSs Saeas taans panas : o Tt + ioe!
Ty TIT e anas . t : t
a0eH jaai 7 s 1
T T . 1 1 T e +
: ;i T T T T
pege : : T T 1
T aa! 8 T A i
T + t > + T iy ™+ + Y T
T T + 1 t tHre 1
1T t 3% Sovet T
T 1 trif t 1
o Tt + X T T 1
;s % ¥ t * 1
T H- b : pes & T t
1 i 1L 3 i I »
pas riniritt s xs + T + :
e + T + s
'y + + 1 _q e 1 I i 3
T + T 3 + T ’u3 T 184 3
T T 1 t 1 t 1 + T + + :
5 B T T T + ;
I = i > z oo 1 1 : I i it b 3 s s o oat i . s o i ima =




352 5 AN ; T v Ty
3 3 81 3 + : t thet
I it : T 3 3T T
+ FHH i t t t t t i3ss o2t
1 T T Be : +
¥ s 3
T 1 jast
T T ¥ »e T TT 1
I 7 et
+ 1 i :
} t t
< it T I 1
T i i 17
il o i 1 88 SEd i 1w 150 < i ks 583 K L
t 15252 ; + + + =3 2 + + : t + T
1 t 3 T
= et 1 H
3 e s I 1 1 1 . o I < 3
T ¢ : T T
I 7 }
s N =+ porg T
e e IEoe: i i 3 58 o2 o8et ros: :
resezazs .. saua: sascs: s s : + 2 sseaaas + + b - iy tme
i %
1 1 H bt =
T i : t t T : :
¥ t ' F t t T
y I X i @
1 1 *
: L : =k T 1 3 : i
=2 Hhr : e : : + t + t
F : s o T
s iazsass + s + s T T 1 :
t
T t X +
t
e t
1 ooy out . i
+ ¥ =2 o :
! : }
o 1 1 b ¢ T 1
+ T e & ; t T
t 7 T
1
T T + + e PRV By + v +
- t s 3 ' a1
s : T A haed ;1 L4 it 5 +
$ t T ;
888 3 nSed i t T 1
e il sodoss
en) 1 t 2
ses a8 o e ; jes ceestoon: 7 i 3 :
T ansa T 'y - s + - + T
! pegs 32y (233 23 s +
+ e - e AT Aoy + <
agas seu3s 1o, e T 7 HH ?
To8 e e ; . % t2as2ianae onel o ; 320233 A 2o . H3
HH Snassss iasayes ¢ =3
sy 1 ;i t 7 3 T
T T 1 ¥ - - +
reeue cane: jaa o + + + 4+ M- s>+ 3 —Hr on i ve 1
e Tea e H .
Sais . lase : * * * o -
sBassas " iakd 355 * A F
» Tt
+ ! : : = ooa i 1328 231 Jos:
! 3 i
- + + l.&~ - . - T b e ; +
: L =t Sas 53 o 1 : o e
: =w waas =z + 4
T T o T
T ;
' t
: 1 : L = : :
+ 3
Y o 1
s s I L fowe swwl [ F R
: t t : +
T T T + T
+ b 4 e
i 3t s " 4 ' e
+ + T  Saas
3 383 T3 o
- i 1 + " ~2 24t -
+ + ¥ + :
o ba o3 1303 : 11
be s N T " T
: 1 ——d - 3 3 3 4+ +
H T = } ; fessse: ¥ : T
| e S t :
K =¥ S 3% ToTEs SEERs ShEss soa Y :
AY TEa] anwaLEL Y e, i
t : S : :
s X 1 : T 1 T
$iT s . X + 1
: ; + . =
: e X T
T = o : * y i
aembs aman: = it + X + L e 3 3 =" e
Iman e Iu summa £ T '3 T . u 3 +
i L < T 2
H : . % - =
: L :
s + =peas
: T T + :
e : Fss
t t 253 202!
1
H ; 5
: =
S : = : : g
e e ; o
oo SEEas TSRS FSOot Eanncrans SEH] Sadey HALIEECH RIS IHE 5% 282 232 : i
IES0% SETET SeSet o STt FERTE TOTEE LORRS SOET] cESTS TOTET b N I
: shs : : > : : + ;




s sasan rune T
T
: nusas T +
1
1 ba! T
T &3 + 3
+ T
1 ISR PR +
fou
T .
ags
1 1
t
1 T
1 %
t T 1 2
Tt
1 1
T 1 .
i
Y s + 1
™ e S 5994 ss
be b4 13l 1L bn
t 13390 u: -
3 isope soRDE phane
Tt
T
3 IT T spsse
+ +
1 7
T + 1
T T T T
1 :
3 ige gesas
T
T t $ 1
t
T + T
$
1
1
Tt +
1
L s
s t s
7 T
] I essves T
t s33s szauas:
T T
aze. se. T s
T
: t 3
t
1
1 1
" 1
: TT
T T
T T +
t
T
1 1 +
o
1T S8 Y Ipas:
pus t T
3
1 1
T Tt =
be -
pon ax: + *
o g &

4

PR Eo e st




3-11

12289 sus T sw smpmu - T T - i - 14 22228 pR2g cu==s sapyy 1ges + 23 + 1S 253 g + -4+ SEPPS 22T 23 .y RS LRSS g
§ T T ; 5 T S8 T AR T T
aaay 1ddl 1 1 29994 3¢ 194 1§ sqone 181 Jou shagd T boe B3 ppese i .
xlxus y 3 it ae + LORITEIS R 1 cabee SRS i3] pogs & 3 3 : S E3 S aan sty Ladh: 2 o T
+ + : + L + HEHH res soe: 1 2008 o : Ht e 5 - :
T t 1 5553 $hen sEEa 1341 95" 13553 Sagee o : :
o531 B i ke (S0 50046 55 1 1 :
oy shns st bu hus b : e 1 il &3 o1 b 3
T t 2a s t 1228 Lo e THE Tty
b=t : b 31 5 th S F 23 5 3ty iat
3o : T 8 ass oS seigs 2gse o2 oty sogen + 5
: 3 : FE2522EE 83 ;t ] &
t ¢ &3 T s az3ss eape
T 5
H : S 2 j 5854 f33 5353 :
: i 8y vai it d o1 23 od 3 [38 sxary of s eatd IR 6 oe
i e can suansnas ooz aas 2o ou2 ; s=s + e
2 seius sgobe radey ppoe ud T b3 Sopgs o by T 17 + p . 8
o&5es £ jode ine [2Fs o= T b 2
igend & T S soe i oieds pEE s = pond shgty 438 T
: 1 + L b= N
¥ _0 bai od ¥ + e 233 [SSeS ¥ I 04 b &
bud b 1 v RAT m ‘. -
: 5 jan i28y 133 eogy h : pag &y : Hhnis
. 20 oo aas : ¥ n sasassas ogs neago s ¥ sace:
+ + 1 1S e big
: $ : I3 2502
: : + ea b1 : Cmep:
3 1
e e pue X
Hrr 3 3 : 9% s9Sen : Sk
F Enay 18 na - E2 22382 2= " 122 k3
: e 54 32338 POk sae age X
+ 1 o STg% sugs
; + : t : -
+ [ R A N i L
1 : s a4 Jaat:
_ . HEEE
t ees ot 3 b 03220 32 fro
T I P waaay +
T + = + T A :
T > pESD R 32 ks pas smpay
1 353 55533 bobs o a3
+ PY DPRE S - - 24
¥, pa IShe g - +
3 = 4 Soge: Py 2% 35 SPpee Fobdy
123 o 2eReY I : i$
T Ty 1533 SE0EY SSoK SBas! T 3 .
+ 5 S o 1T be SQbou 3 5 0 ooy SRS
: T isaty nai + eas: 3 pos :
s ¥ 1 gy 3 > . kS popn - PSSy
S8 33 s T ] 5% Spogs oue ¥ Tt & =
i 41 : Su 1 -+ + T + ks
2e3 regas -e 3 remas: aspps = : - poge 2 t s b 5238
53t 2 b o3 poas A ? i : B335 : iage” o8 FRE3 SORES Eote SEESE oF =
weae ; : bt pho
* = H t ass 3 +
e AL B4 amnas pod 3 y jou saps
s i sad Bos P
t s v i e 3 i sol "s 3 : b
H T T T — yove ne: g3 $ -1+ r v=s
= 354 SOUPs FEad) sean soee = =R
o 1 rs = + i - * + + 21 + ks 1 3 + T T + iide shads
- - - + : r (o aas + 132 221 imas pusayysse: s 32 szazs
: T T - T ; 3224 : 33 T _ S Sinky
1 ppdad vl L 1 T e IS I9S0S == —}
3 a 081 : z 2 i ST : :
et as ¥ : : = + - , +
gosy g o
+ E ; P2 jabe 3 ¥ poe e
iffrm.» t H T pass 21 Epxs oy T ;
= o g S33SREs, T it
L s a1 3 e wai e eata SoAks 200!
s H + ma u: : + * + T
pae Sy 09 T s 3 3 pos poey 198 Shpbs
T E t : ot : bt
o oot I29% &3 B T T (2] 5ESE) SOONE SReY S 33 e Y )
: + See ps ey b $5553 Seset sands suge o $ T : SE0) Seuns Panis pbws Stk st SO0 b3ess ohed subds
S8t it L I 1 % % L 12 1 3 - > hik® &R b
Tt =+ + ¥ bEsan ns = it zas = — . T
T g 5 1 } T 133 S S Sotms 683 53
3 ¥ i T 1 e Shuid Su s bo ~N S - 3 e b S Sl
T t H TP ! + . i gars o
T T + = e ¥ G SnSas SEbes SRbES SEEL
e : - it Souing so0oy ponhs
3o o ama L z i 1 e = 3 - - 3l + k3 LL ’e b 1
e - * : + + T $ * T : e 1332
3 in. € T 3 T
~ = ; T 1 H :
= : o T s Sees o
ea: + H : -
3 I s b : g gy
be * B W - -
3 T 1 Teell "
: Fyt 3
ot SETETITTET SESen soese 32ty pyses rungs segan nosas smags SRy Tt
+ g i IIT
he T Py -
134 T jpazssse o 7]
+ i3 on 3 - =T
+ s T : + t sz B =
= : T 2g8s 15 - : pogs Soors BECP
- = naee T sasas
ST0% pees syee: p— 33 Soees o = s S el
Spase soges o3 t H TR zae: 12¢3 008 30 52000 SORES SEppT SEDgs 200y
= -} e > SRS 29934 s 4 po S000% ybgy SpvPs vud 56 Sppan
: : ot : ! T :




3=12

+ + 33 > E3 RepEs ssmay * - T >
1 1 pRas 2l banastds ssssd. 1
t + 3ae sasas aes T 1 bas: oad jEisE 2k 11 b3S 581 T i 3
T T 1 1 it T nay IS we T T S T goe T
i 3 3 3 ke % — 31 3 i e RS K1
53 M 18 ) 3 m— 14 Fs + )33 3 + o * T B ‘N
T 5 888 ¥
1 R T o g pos S38aw pagea st H T 58 Bus suas suut
pE3E S2595 sadbn vas e T
o T ans ot " an 1 =h 1 I
+ e T 1asa imas 3 sexgsases : 1 + e e +
T 104 88 g o 1T 1 pod i { 17 by ] b
I TERS 1 : i3 os ik 1 T g na T bt
+ o3 raas 32 snuss + s T T 1T t pus s $ T b3 pe e
T HE T T s } 2808 sES0K SoEEs jhes by I g pass
aaTare: e Y {asps g e ; Sscus sas { . =
i b +t BReTE seaes at Hrerht a3 ; T I T o IS SN caehs rent o e Sen et te
T 2 Ss2ma nmaus a3 aEoss oxas : t r . T > ppas e
1 3 1 hnas SSsa sy 1 ] 5583 Fos
S ! b ! T T b3 Saas [ jis: 7 i 52 s
s e 3 sduge sont 28 b 8 ssedh & " : % soesy b T POPE Sotes sonse oy
508 £x t 3] oF Exe o 18 a8ugn & T 1 4 T 388 J3 20329 04 ~
T t e to88A S0 o353 sogs ot be - t t ~1 o SEDE aSat SoPan Seoey sade
; I : o) fmeey it e % z : aes eal . = Fsne
+ oasaazazs pom - saaseses ]
& T e e gans! TH 2228 t g E
: s 5 80804 snses 5o882 sof A e ot = os =
iana s b 3 T s i Lt T T s
I T T 163 eas T T oy
- b 3 ; 584 thut | 1o 1 T 3
fass seage st p2as sovee sasey b 3% 208 s ps soans 53] 55003 case gase
- b : i 1 : 23 k1 T
o T tasaspsa o T =38 sasannenes o et : 32, .
< b it SB35 thbes soos
pe 2% 1T : gass vess 3
e : seas : : 7 ! 285
+ oas: + i ng3 sami
ppse 1 0 5 I PORBH ¥
n0a saoed e84 o" ; ¥ T
i und i i L —i bt R & §
+ 3 < b+ e b
I8 §S28s bovay ope 1 o ~ 204 154
ot 4 feeey gt sovs 1% s 1103 Sy ¥ S -
j29 smua: 128 : T 7 & Y as xSt
St soas h !
I } : 51 SeTas fa000 Sones suos! T 7 seesis : 4
= gasanra iz 2 s2aan sue: o T = + 2 mas t T .
- T -~ - e s 115
b ] i SS8es feor sdase ] : st
£ T 5 t + ; : HHH
+ - t faa Rbas ne T ~ 3 sany ]
299 Jas sasas s £ = 2 bt o4 sasee
dais : 1 I : : . a8 Haan; L a: esesres : Baes 1
Pt T £ i2 s5ass if 5 sSEEE e 5531 r . $5%4 & *
joss iiake ypys ] s 1T
i L L ot
E T : 23 500" : T = eEa ae: >
-t m + T t T T
% T ¥
Seoua s 1 13k 1 1 et - T
b1t 4 B0a 00008 gaey 2% pae T T )¢ s £ 1 :
s + 1 > ¥ 222 + * > T * T : +
Tt Jesas way ¥ T
T ¥ +
T 1 1. 1 T : s T
T T I 1008 ¢ H ] > 8 T 1
sy o
i : T 4 T 1
T por ao % : :  Im + i b o 1
ae - 2 " o - : + t t T e > T : 2 s
Y T T 1 ik T
1 ia seas 8d " i + Horah it 8
" L 22 - .o b . " o e
- g reion e , = e s
e T 1 i It b 3 T I8N0 0PN pus
fos T + oo
I i z mas Saeea s aun ot s Low 1 1 o e
: Fsas - +
s e 32 s aans: 31 1azzees : + jE§as iastant :
| - T ¥ — sy sastd + + Bnt
. T t tr et T T T 1
5 12 R wuse snas T+ = poas T i
™. 8% sara s T
: T : 1 a5 1 2959 T
it " & . i = bt ; :
: + * os sanas nums + T T
T T T m T + o 4
s 24 E =2 281
: ¥
3 rass ot : e + T b e
T T o b a8 - - =3
1 : b : aes :
T T : a0 pasananma: : T o=
1 T 1 T T =]
i sados nose < jase ve b
352 : + i T : ST : e B¢ oty : pes by o
T T T 3. 3
k. L 1 e u— 1 . .3 L + i
* . s one: = zesezoes sasananaes :
T +
1 ot + 1
+ = = be oo
1 T 3 1 1 ; X, $3oomaxs saspeonany snpay o pe
(43 2pEOR nibart wid ppes
e IPos o : s iy
xanas et pagqsesy; rags: 2208 3e cas . ey
T s — -4
T SSesw sasy gee sabs age
T 3 = e k2 e
; Pt
bu '3 s i b 3
- -t * = soona ox: T
bave : be
s
-+ T LB ._
+ : i : T
++ + +
1Y_H. 1
+ + tan: + ;s
T
+ + 1
ppas iaees




3-13

233553 2as tazuadzans ox: ' szaxs 223 r T T Ty T ssanses: T ™ T snessssssnazess: T
: € Thes 553 12t b + T Higis SESESIREES i bgsol badensesen spady i
1 ’ 1 T 1T T s 1352 1T béd be poee SO S04
Iea1setay iaeT iseny oot + + T ; t : : 3 T2t at i ey iB0% 22 3
+ + 1 ; t e
i ; B ! T b5 353 + 33 + 33585 s3233 IoETSSERES TStk L2l
bobs £3y pes by g § i e I 1 ¥ be eBESE i S 3 PSTS soten
B : 3et $ R 238 {RatRLLE! po pEse ;
t HEHE T + Fp : : 4 + + 3 e
a0 Eas ikas ; I ek 1 1 : s§acagas he s Siglsagsts
b bos T + 1 e shst e f TR RELGY
% T 4 I o, 1 : T ol ] ; o3 Ber +
¥ T T : ¥ T T s 1 S2RE 04 T +
o oo o4 7 I T :  OHERT ) s 3nte.
1 s b R 1 i T + Re ES88 B R
+ f HH + + + =2 nat rexys:
+ ik T a; iRags B333 ARd B4 5nas
3 b T+ 3 1 ¥ T * 1 1 + T ..
R : a2t T PISSN PR g : + 1S23Y §998
T pas + +++4-4 v . s - < s LDEDS DEESS LERe
] T HH i : 335 ; I3 BE3]
2 S2As : 1 : Jess saEEeine t5s
b2 ey " 1 : S 9 12994 S)5u 1epen shan 1ps
o pane + + ST T IEE 3 SoR Rl IoERs SER TS REEDS B3 T ERX: sanss
538 SERREESH 1 5353 BEBE] 2581
: T BETE CRERE FoRRe sEREs SeTQ) LRTEE st pyoes SEply 201
Seostoan, : 198 $S% T E8¢ s3Re SEE08 PElfe 2opes redat LoD kS sob)
3T B33 saga: 1 b%: tags £PoqE nas: PR32 Sutus puess o 139 1 T
: 3 ¢ fi PEE R SRR Soeet ERE PERTE chpot LESSTETats st ]
E I i s Jo8 $3587 sEet 25 SSREE IRS3E SEEe: nhastITden toete o]
= e 3 e ! ot [ SEEgs ISEBE itdss gt i hEndanT
i e : : : 8,3 328 : i3 S5552 12838 128 3653 SERES SIS SESRT IRLERAREE: FERRC SRS SEREYA88S: ERERY LESS: 24 oM
N T ¥ 335 sofos FREEe 5 sads igastsates thagd neset io
1 ik 2 s 2t 12 : T St : i Joots IR0EE Son chiogrnhshrnteiis :
Sesen T : i t b s 3os t3Pc astes caSRE SEEE ACoos PRRRS ISR SEIES SEERa SOIS: RCuh SRUES FEPRS Bouss SRy $S00% AAzy Poss Sopak taty
e ) oas _ Tl e DO Sapad ¥a Sy os [0u Soage sadis soBRS sOpUS SOPay tA0S UPaE SHOSY SEORE JOSEN RERES SORSN bESEY SRRGE SEPB BESSE SEDEH Ko B P oS sE 0t
: ; oeE + S8 FEE Tpoen SE0ss o1 : FRSS: SETEE CHTE] SRoEs FEECt SESLE vughs CRPCT SoTht HUTR Ionet SOITY Thuey CesesLoe: ;
Seaw Fpa S b + AREED #8832 3 RESS SESZ0 2L PSS S04 EY SESaa SRESS RORER SRR RS PERES PESRS SR HNY SEERE LR SLY PEROS SARES POYY . RS Saane
g4 roed 1 sl ssody 4 1 1 127 penns sagus sRPST soves evny Okt IeEes tostd SSLpt L4 [E03 F300s Eubes cRohs Shout Bt sotax wRobs PERS: oE8Rd 1Eooy retat thes luabe o;
bt + ++ L pot SR 1 $9000 s300y vbtds $Poud ne0Sd idbey be pe Sadsa po ve
t 123 guzs pugs t T T jsn c30y 33 $2228 23] thu LESS FORES IPOGS SRS APLER DRGSS RERE] e SiDED 9200Y pouax BapY pe 52
To 32 {ag3s Soa]s sad5h Eac sPEE iBLES IESSIRTSNE fesua BEN] S35 T
> . sas e T L Ea¢ 1800w 1e80s suany pduam s4Pb ket téoon 1Ehe) Siune Sotby by 5 naads T B9 so0Rd sades
3 : bge o 23 Sedes 29 + s3a8s & ohii : SSeiser e oo : : 1 ; ;:umﬁ
i 3 : 22 T s T T ~T 1 pER S Fun [JSnsusny sasas sugy T
-~ + s - .. SO0 AN T T
S sas + I 18 5asad saget iSees fanss noads sosta Spnes s <. 55y sBace st=ys SEse st iSg9s t3nsa poss sresa nesen
Boaa N = I + pou: 1 T jgos rosey ol et Sebie agp: POTRT ovee 010 > i
oo T . + gase s
- - - hoon sadd bt by I +
- 2 : - J=1 t 1
- s : $ + ;
- ++ - 1.
- + & i i i i il B k3
|- : ey e & T H :
=5 $23¢ ieads S=oas s2270 2382 35 gai &
; = jost i3es!
: ¥ =+ yoss saza:
T T
3 T +
= t : :
1 t : : : 4
: 1 T
! =] i y3as 3ot
ot b shoid pas 1L 19 on Py
2 3aseieugs s==sozeod isassisess o
: 23
ass T
A
il s L
e Y SRRee ek ead 4 be
. eSEs Poy s ooes get: el
e T Y 288 12 s Spe gy o
oss 5435 teass Eeda ik
¢ o tase 8 I £30st { snats Tee $P5 Syoss rooy
I vus e I ve ey * T e N Ty tots
Fass: T ;= s = o
T
poe 2ot
E
PE SRITN P& pby SERwm ngay T: t gt T naeg 81 Tt
ok o3 Hgss pyous tesdy h T
ous : (332 Sasun sngun SRy T IRSES SRAtH SESLX LRES EABEY SREL! 3 by POPOY reas bose
Foots S3uss soies tapee shpon eais pos o1 jo s835% siase skias
i 53357 seags tansa rxuns xaga nags * ;
354 B SRS Pogq soses tpUss ragny
720 Eryen Daaps sowes s2ovs Sfesy FERgy suges Seats t1301 35 Segey Sl srs
3535 i3 o338 T3 S3335 SOTPT oY 2 S3ee: peay ISee tehes syiql svves o
E SoR1 SEPue HiSos laote Sagus Songe nasey Sopigprthig
Lok B3S SEE0s Sades nevas e oss us 523 sedad by
| R0 SPSFT DEqTT Deoqy nuey rwest g io38 853 500




3-1h




3-15

SR

i i ' :
* T t * T
: i . : .
. : . IS 4
T p 3 T v
§ : i N
i ;
t *
! . .
[SUSUUNEN GRS SN NN U S -
i . .
! : |




3-16

T Ty T T T
7 T ¥ 1T 1T 1 3 A 1 T 1T 1 3 e ¥
e oo g Sagseoass: : 5: 18 §asnarsazt aos: 3253 ! T 7
T + a3 H T +H + HH : SesEs anznaanas + + 3 + +
e : T H +
T 5 5333 § T : sassas 155253557 spsps sgons spsessesas
: ; T : ;
e - - L 13 21 M - 3 1 %+ R
ssczszas e : : t e aase: $ HH + : t H
[ T
T kX T T ¥ + T T T T
= i 332 . Elaw e at L e oss bas : T -+ T
o o2 S33s + : H
rts oos roee : el : =
 txos: : + : + : +
S5 e I f = ¥ } L : T
35 = 1 S04 SE0ms 39eY o
rana soet 2391 T T b i t > ]
.'&u?m e — PSS saapa - — e + o
—t = fous sogte e get - s 84 [o3% 12e8e seses
Foe 3 Tt 104 e 1 + > b 1 e
[ be 524 T 1 + 1 s e
I i 1 3 1 3 I I "o 1 1T 21 b
"-s 3 + 13 T ES 3 33 :
¥ e he H i T .. T
- hae sy e T
- | P aps jS¢ teey pa T T
[ 2 Lot i T 1 e o I -
oos taa: e + + : : :
i e i
252 i3 T | T : :
T TSots ot T
3 e b3 ; Best {m S S0 s o2 & % : 1 3] fesease:
tsess ton : ¢ 5 T :
j8gs segay r334 1$8s T ¥ od sbes: X t b T ot & .
s 2% 25899 ¥ o G { {8 s3ani & ol e I H]
s b £l 1 } I
+ tr + ‘ momsy 52 sa3 - it sasd posss sugs: cusy T
: :
M e X 1T
: T 382 55 - : 5
. - ¥ - - < 1 T 1 T 33
533 S5t EEEAE 152 535 7 : 7
SPs ooty 3 S3eds sR33% & : % SESPS £37 51 Lg%8 58 B551 : :
+ S H : Hr :
F fo= saast i34 SR 2g0: 3aR oy is38a 7433 sove i Sgoessate: ol
PN RN DOQpE S - DORS papae T
= Smas faxie fusys toxesseess spunn oo sTSaan: tasr . cees - Ha : ;
= B Eaage S35 o = 3303 thows SE893 F3ses Symps 334 B e i 1 8
2 Jos e CoIReaERtt (XTI I080s It LS 0% 28 i 1
o= smays sx3 o H :
393+ pve sopys Sdoy seste 9503 ¢ > 1
=t Fot = o ]
e e T
3353 S T T
p POOE GDDRY e 1
— = ~ gesses:
- 133 321 B - 4 +
[y iy T ¥ T
DS SRR Sl g1 ‘ + T m +
T Bk
: : :
: : :
. T 383854 1833
% 18884 5 bt s523: 5
= :
: : !
- Sageb SO e &4 b +
e 1
b - 1 T
t T +
s 51 >
B 23 g1 7 T
: T o 324 130 :
t T e H T T
== 3 ; - 5
: : 3 : ; sesse:
= i et toezs txazasan: H
= Frazs:
:
e




3=-17




3-18

s rT T om suxs T T . T . T pzac smamenz:
T ; szg=s casmave T 33 e T T T
+ + T T 1 oee it a3 faes ok ey T T s T
¥ b T 1 1 4 et 1 3 bdea o + I BOS g
It IRREY b 1 1881 1 1 kY i 13 I + 1 —
— 18 12 3 sRES IEE Tt T B T s $3 k3 ~ T3
T T+ 7 ooT: I8 Baa e THy :
T o T 1 T T
+ e + + : + o + +r asea s +
t i T+ e + * a8 1 Tt + T
T T o1
T T 1 T :
: : I + ; + ~
t + + 189 511 ¥
1 paras 13 3 apas awgps snnse ! Sm i 1 T
bus suaal st s 33 IZE0 CRRES IAREN ppal s 5 DS i 1 £ be
o anzz: + = bert + iazas sa: = }
B + SeSasnecas ihoas seSfs so%: T 353 534, T T T
+ + DEDE SOSN8 T 11 .
T T o I Tt 1 H 1
e s ans : T + it : 1 T e sunRa o1
exe o agwan 3 s o T T T
5 ousa o $3ass s325a t1ges taTis tasss 125w RETee iz icasd t pa3e o
B " gnas o Soon spada nedas usd X 2 : 3 + T T 1
= : o3 i : : 1 jSeisaest e : i 1 peee:
- + s . e rpas + T s *r ¥ . T T T T 1
: S3es rigen coage ol ¥ : b 1 iy 8 &3
t _ 18 eage be: o4 reads sa I 5t t 3 b s aksas sous:
e + be : s : : T t +
2 232 scass agean nnss : : !
8 * B g reeeasases iaat 1 HH : : : SR 883 Sest f3gaioats
_ T : ass sodas speg uf ) - B IRESE a3 t + i i s 4B 1
T T T TR bt ++ T HirHH =2z e =1 T
aes 1 T
1 $524 52 P332 rhens e + T i85 s = : 1 s38 S35st 255
e jona o : rooes I ! + - T e one:
T 20a =3 e T 1 : ¥
- - +- e 68 RO ¥
: 1 T " T n 1: i
. i roat o nad : t 3 3 T
+ tnax cepay =2 nuas pas e e : * +
j§53 5857 533 : : 8 Essa it
tisEl i 1 T 2 o8
o - SR S 3 st i
josTyasas ragny gas i 8 ey & poss T 1 T 8 Eg T
T sous snes 1 F
B et T + ¥ 1 b T
7 33 5 ot sesde ey s 88y o % T ;
o2z szess preer ? T +
SSEe o8 S35 sSgad soabs Segs b I SEd T
* i ban k1 s e S8 ;s
tanaag: e : +
$904 sdoas vai PINE Su¢ I T {
pad Seses te 1 o S084e 1 Et L 2
+ H vobeans
DOU epuss SS9 + T3 T 581 t 1 as Sas B
T o i T ae
% o : T
T T [252 sa0ge naay pax sesges:
: a5 iSha soape 192 1
3 o & e o8 Z . or;
ass i T regas 23T asazs assssiss e * T e > ?
: I3 Sigas seadl sseds sooud shods issey o) X R ¥ : :
X t
Tanes s s e RoRs oo i T
: + + T + T
] : sess! T 1 T +
ot vantd spgas hae T ps Sasde sanan so3;
s T 99 Spese uid I3 2201 Soged na: » : 3 o
+ T 1323 = = =3 s ¥
be .. Y + T T [13
Bt 18 e T
0% 2098 S000s sbags & % s5ggy 4ae & e t : 3
3 551 &5 13 13338 SS8Be gags siagsou: X ; 5e: =H T T
be satas vy PROE pOSLY st sy 1 1 b 3 T Hh
% =) : [ooat conauras 108t Ra 3 t e t
+ - pos T s = + =
+ T FRN o 3 t a1 1 o 2 snees
E21 Speas Samay sans b b3 33 so%s H T
= : 0008 Fiod 81 220 Snpes 8 it
o83 T Fiops THION 3 & 2oz : 1 7
& 26093 sbudt o 'y RSS G0 | M Hp! baas e T
ost i 2 eaass 0% vooss 884 soe: 88 S04 s wpy 383 881
T 1 pe2 2o £33 T +3 3 T M “ wu
$oass Sotgs SESDS seeys FEPEH sov o 54 p 45 55554 683 . 1 i H
2 T 235 Seess s T H isas 0%
bou 534 s oi 5, % 22355004 0baty $R04H hOu S Vot s Aan:
by oul : % snue kaae ieeed snon: o 28 SR
mSwys - _cus oot peg pee- o 22eg XS 2o2as 2a ey 2
ehae [ o T 3 SStas iaaad sagds TH
T M aes [oams SPPY” cosas EESSY seaas sede 3es aoe: bas T assases fam .
- 183 i -  a o e t INa s o i + 3 3 u_ 1 .t 3
oS I3 s e r d ysuan sagy . dxx: 2328 17 o7 5500 eouy: i3 aene 20 8 T T
¥4 T 1 1 1 T 1
et ohoade 1 ME o ot pos tos poa o +
: * - - ”- 28 s manas : 22 nanay xazsazes aass seaas: asans
o= foss 3 oas pa B2 22 251 T - I = 5 §8555SR0SH sonss iidne sans
D% o 03 2 t jasss ot + B SuGge sopan tedes be SN BES: ss oSt I
T T ¥ :
T 2 T
S8} e jgo: sasss
phu
en + . o T
X T
ge es T Sane spas
X
: £ E B
h». 4 e i fre :
X
© s
X T T =
= SRSs pe Raa % Sedy T B
I jads Haas poums SHS , \: sebed shave saryd
3 H : +
" f SEons Shas aans
_ . ¥ 08
i : th 06 FE P = P8 0000 t0e0s
+ : : T
T PSP PEOE SOgas sahs
InGa
r H
$ o 3
++ T pgan suen
= Bosge dades spa
Y - sESevjates sops
ges o3 yo gmae T
: e Saass paase senbe
} pe pos pe 24 s0000 spede




3=19

T TETEET T (353 132U 23385 S3883 40385 $aa T TETES R sassstan: 8255 §5355 55555 555 5383 38337 S5 T 535 35337 555 TR
oyt i jass 1 : : ! m Jass e3¢ j2 $3383 Eatse
igtoé 00k o4 Ju 8004 Sgtagssped g 1999 99 T ; Jos seged sBE ) oy : : 15 = e g S e PR e, 39 00000 23054 84841
ot ya: T t T = pE owen 5o 133 sopye nzs rBg3 33 OEDOD NEEPE SRBDE LRE0x PLO0s 53 hwe
o P73 £35S : 1 2% he s phs : = FEs F3221 =338 Soaks SERSERELES TRE52 S55%1
2: 3333338 Ha3TE t i I 3 383 Soges EERS soe o 508 S4sh:
£ s } o isens seel F231 [335335 734 snee ai see i % mns bui = 53 f8nd <! =
; 3e: TS TE=3s s2353 551 +HH Hi e HHEH 4 H HHE b33 52 =T bt
i j7 §o543 rgeadis: He T > e ¥ T * : (52 25535 EE83 SI0HE £33 =
M i 1 9 994 185 T 0%t
b 04 3 b X b S SR ST +-
jas bt t > . S 00904 soode oY .
2 i38a st i I Il s
i T 3 I = i Joa:
J352 & 533 533: b 54 : 5
t T
]- 1 - bes
T 'y T T t 3 + s ool e des 5
13 A T 1. T T, (PN sUppy &4 IERRS S
33 s34 1 i it i : :
b i : t T - : ERESE SSEEs sRst So0e 7
: : i fou oo 1 s 1 L 1 et 3 1 i s ot il ks
£ S5 1331 t I : gt isSh: g2 tam e Soyes FEERI TEPS SSfs Shess spues ceset Lrogaiiots
: Frr I = Bed o : os. : + : b boiops e
T t R : aa e H : HHH : N SHETEE
+ - T - : + Pl a5d
= : : : : : 3 i B Ettierie o
=s ¥ + T T 283320233 12331 : PRz snage s29)
o ot soud 2 + T + T - SORS SPEng RapPd SEESY B [205 SEREN dhuda
thich 1 b josSoots sBvs srose
: 133 saves raavs I 5 : : 183 1% ! eRE YT SS2S: Sa2: :
o i3 vw pes PR NPy .- |G ookt ROt conte
: : t el 13250 200t TEse i : % = T e
t = + Tty *
z i SSE33 T I0) b 5 4
: o b3 231 FE3E 18ERe oL 138D £o1 3% e3oms o = -
: e b fogd $338¢ gnet e IS 15999 3584 == '3 gy : s =
3 i hd &4 : 3 i I - bl o SR >
+ IR EED T Sysas tupey srevy t s
joS S 1) G R ene "
1 p3e 2%
<334 L it i v
1 : e t : : = iazsssans: +
3538 SR EE T Segez 13t ;
< base [304 20008 Soodt 20004 19004 pEGOE 100SY $6404 269QH sded ™R T joadn sogey T
: 1ot el SPORE CER0R STTT: B : : b o
Pty b3t 5o S
1
I3 EETES R T0) SIbRE 51 :
i T T T + 1 s 1
HEH t + :
SELRR T 3 1
1 1ot + e bt S vand - oo spse X + T SEERE P’ ae I 3 ods
+ + HEE !
: 5 3=
; : t ;: T T : HH
T ™ T T w1 T T T
t
: i ) - :
o : : ; T oset! i e : bt
jass soay 1 t s
= : : : :
IEBER ARRES LEBEL < + + + r+ +
2] ; T oes ot Tt :
i T s i t
; T ses seoae i : :
1 3 1 T T * + T Lpd T
. : T T y T by
= L :
: ; vs : T
T L . + e L 3 i
;R 81 T T ¥ T +
: ; : -
1 + s ss:
* £ 3
+ I + T i3 <
s * $ v + + 3 + - + + +
= t F : - T
: T :
: : Jpoes: t
I ¥ T
+ st Y B ; :
: ) b ;
> et o8 : 1 225
I s + + I s e 1
T e senue ans t - +1t ++ 3 :
T X :
t : X :
t ; ] s
T + ae3 fsasa e T : o352 S es sesas nesss ssvas aas S=aannaass il e Sees Tt Soooeofess Sesaaee o mmasueny o
7 332 2 T T T : =
: RC - =t
yaes ot ! 1 s oo > : jo5% teree : :
i 3 < T T =Y j32S o Azgssepsae
F=k T £35S IS H = H ;
: : + £ 51 S PR ol $= :
+ N + .. s & S} R e
s s T e - -
: = s %N aud it it reney e I i ye I 1 : 1 T
* imnayas + * t - - -t + 2
T T boba T i adt .13
: =+ s o i 35 RS Eey
: t R; T = ; = : e
3 I bt hOpe SHSY -3
o ; 1
: z ; :
! 1 r i : o b STes TRt FEeE:
: : it T : ; S 2T00s Sares somst ot
T T i : T T : T b g4 pbge
b { T T : m 1 st T pa S04 137
e - Z1X: I —h L . L s & 4 i L e -




3«20

r smoz sanma o s r ” T . Y . T sxaszes: TITTTTIITY T [S3iggses seopngapan
T 7 T T T T T 1 S5a3l Sabss
8y 1 t T : pos o b TR
T T t =t 11 1 :! 1 T 18R BS5 sadge bt ooy
: 1 t T + o i3
T T T k1 53 5 SREES £as T > Ssasewspu: LRE BRUSS Spqus 8 B pay
T TR S5eT o + + sass e Ses e Er e
23 e - + 1 1 1 L feaid 2
? Y t Ty 5t t + T T it +
T : : i i : : FE23] Sposs FRgot too-
T T ¥ + : o= 2 feepe nas 19598 sands Sooe
: T T T I s sesps 12
T — T e DS e
1 3 T 1 a T b T 13
e { T + 1 200ee -
e % inas . RE3 aut : 3 I i Tt
2 susenasna o szns : t M+ t
: a8 8ead st ge
1 T I 1 e Y T b
e snass s + T 1 L - s ot POt S99
oF 13 i3 ¥ ¥ T 2 15wy T T -+ RERS SRpEY &1
L : t T 1 s PESSs Souss
T : T 1 T SeasTege pEgse cho
- ol rae : 7 z S ansy : 2 [3%s St b
ey it + * = T ’ ’ . i t * + pog= ceszasesse sxay
T T T T T 1 jes npay by SRERS nded i
: + e 9% suuge Soves $90sd :
t 1 t t ¢ < Fo e
5 : T : St SaELS et Shees i
- 3 e -y
b 3 1 T oS oe 3 T e soe 3 3 2 : fees
=+ $ : + + + s I T aas 4
4 t T 1 + e + + T +
4 3 b T T PSS SReee Ie e
thirE T s ; 1 = T o ne=:
H++ T t Hhnt T > ; H >
Hof 1 I T
eoat T ; 3 " :
: T t T : + m2anas: it az: T + + +
T T + + 1 + + - +
+ T ¢ : +
T T : | + H
T : T i
> s T t t
e I $ :
+ * : + + + + + T + .
F : T 1
H - +
ros I T T T 1 +
= ; . t 4 s t t :
T e s ae + t i
i % i i - i L e Il i B3 e s oes _ -
e + . + ¢ 2 e cassansza
oy = j3s
1 1 13 ’e e 1 i :
T T T P2 pe + SE 80 099 Rs SRGAS b
T T + 1
Fth 3% samas I T E
I it n z
+ y T oz T 122 sxa o ==> = =gt na ; ¥
* . o1 + > o + + >
T | BS o M
it + T el 1 + § + ea
$ : e +
T T pave Sopps saas
+ : pee = T T
g vese o + > e : Pe 2one e 2o % Bas : Po0s cees pess pelee Spacy
: . . cyesazas 1oy - . T : et =+ T : £
T t T T P9 dnasy sunae Shiht peas: p54 soves gante
e ; = § s Soms 3% [REse Spsge sopes ope boet sppde s . 3 :
183 L33 )2 e NS 1230 D208 ST JORSS 2y 1 PRy 90T o5 1Sl 12T
F——4 F T Iy emas ‘ RORY DEESA S08DH IPPEa 2abes sid 1 T o e 231
: o i r=e 1 BEh EbES vt sets e piiiisy 88 vues
=+ T : H + * + ety i+ + i + 2 tas muy -
peae e T 3 1 T pasa sat jabda pane
Saesd 3 seuas 1 3 b2d bs 2gas
pods 123 + + = + = S S3nt o5 ot pon b . POy eant 4 :
i |3 T pe X3 =g PER1 be L -
T bous jaes T 1 T +:
+ + + T pu ad ok nide s
PESas caSuS baned & : + £ I 1 I : .
Tt T s 221 T T == beey .3 T T T g 222" T
T ot + > : g55 EARERRSRE At
T e gan oo 4t o : pos o1 : JOoPs saae
T t L + raa BEgSS 04
: : " b
T 1 b 3 1 IR > T b
3 o i I T 7 + ot 4 coanan: +
T Tt ? = name
t ; pos 3aass Sodss Soo
ot & pa Sans
s 183 1 i 4 T T T £ i k4 i k3 : bt
: e it : : + ;s T T I3 SEpys 2oy
E : T ! : S o Feuns seets
Saas anne: . ve s : 3 % 1 + : - it L = R Saet L]
T . : 2ass * : ¥ : T pmse gpax:
2 33 t 3 i Sagus seebt v [S3s S5
aoq = b 354 §5e TIITEI
you ou + - b P35S sqage soses § + o4 RpeS by IR T PORT REEe
+ THTT t + T : : pog3 ppase ue EEe T
jge Su: 85 fe cotet Spesopes: [35 Suaus Sebba SEESS sl jeasd sblvs Sasee
: T + + b2 eaats o1 p3s + T ik e vus Pee s skt adl ity
T HHrr ez xna: $ . T - T pegtsps=psenes
t Rt } + IS Sree 18 sudes rhod IURT it sughy bubud Shady
T T - s e e e I s TEETs [ty SR
- : 1 28 T Z :
T 1% ¥ I8 ==y - DEDY BPPPRE PRREY GREES MRSDE DENIY &Pt PEERE
T by 5ve oy puss sotl saads suaus SUbEY tad pis Bapaaid REDES Cbed
I o 2 it [0 Endtu Tnaas e ; S USER? Suh il cRRTE cnatl SELES huken poi S RRus cawus STo0d
+ > 3 4 - B4 e PSS 29EPS snaay SAPSE SR Moy -2
+ T T S o3 P PESDI Supe
uses bEe 334 3 oe 234 Shias vose
1 $oaes P34 oag JEgetts safes so3ds Shand o I3 EEST seee sogen
+ t e s REDRY BER] ;33 56558 apases i T
I n s e + : 1 by pi % re FRES WS a1
+ +-4 T T T T sw3 PELp e
T peas od s $24
FS%s seass s, 2% 18 b 3 Ty
: pans 2 : + : L +
= - T : TTiiT : asy Sopeg ohee
+ + > REYS SP
= t sebss 18 joees at=e
: T = 53 t > 3225 spugn spmes
PSS S000H 6o0at pone T ¥ a b r
T 1 ! bpae [e bde
o3 o3y + - : He SOty pee 250096 pony




3=21

spesanzzes =z smoaa n= T r T Y ™ T T s T T -
TG IS TH 545 81 T 523 51 b 851 1 ' 1
b e T T s R8s i ol 1 T 1 Py 4 T
T H e e T 131 14 3
st : 13y i T : >
me: et + T = sau o +
; : Hof ; : X ] =
o< e s 3
T T T T =
1 ! 13 ke 3 + 4 T i 3 H
- a t + + t $ e :
I > i I 1 1 1 3
+ ree T + T T
: s 1 + - jaen: e it 3 1
i - + +
: t 1 1 1
ieeess 2 1 + 1 ot 1
o 1 e be 1 " 2
+ 1 T 3 + i1 1 1 x s=es oo
T T T 3 avene
85 857" 3 855 T T T + T ? Baas
tadae ¥ i 1 T T . t T 5 : T : 1
bt 3 i T + ¥ + pes
inzen T t innt T gas T 23
s83a% songa T e + aage s T B33 Sasan ua: b2 3
jaos sés: 3 jass soohs sevss Ty
L 3 . L 3 i e i 1l t 5a L 1 il
=2 nas - 2z mp=nn o = - 23 nassnne: nas T -1
1 B as ASage T 1% o4 pe
T } e be sanay sseau nt 1 ps eape ad sl T 98 $8eSe
st T : tat! ! 1 e SS02 SpyT! Lses 1o = 2
. 88 T + EP0e - pS tSeel <
o8 28 SSsgn apasy ud SEEaE $ i
b 1 1 L8 BRS L 1+ 6 Eaae FREDs e -
: i i il ew 'S PEY -y ul : htup s b
us T » g me " + + T
T bus 5 H + i3 5558 1 3 7
B T H br1s Pt sooeu 1abhe
® 1 T T T
H 3 iR 81 1t +
L H : t i i mana o2
e T + bt g 298 st
T T 18 38 ¢ 390 séupnsuny hess
’: T : 1 ) 1 3 : + : -
¥ + rne aas s xs ms 9 T ¥ T T T T £% apogs puags nxga 1SSy nws ramy saxe 10 2953
. : y : : e : o i 1 3 i & s 5 $5355 poue
R st T T ; T : T : T e nggY oseey jegeu s
sexi s T + b e 3 > T T oy Boe: Tt s T T 3w 8 21 T t
3 i R saas) thees ! 58 S o i T : , TR : z
+ odey + as. oa
I : e Eahy 1t na: 1
it T T et et S + 1 ens gut + t T
13 ¥ T T T 21 1 1 T
oS 81 1 oy 11 : T :
T + ¥ 4
T t s sesas T oess
X _L a i he
] eae 22°Y e voss: 1 t T it
S nan iz zme oo sanun et T T T T T t t =t + + * o oot +
=L < y s i 1 T 1
e sesse iy S 8300y suay 1 T T 3
fmiaex Uirssmasazsese 2 ae su: : + : H 3 T . +
smas e susus seay Tt ¥ 58
ssseu e s aeeEs! T : ]
paen oot 1 v e "y 1 ] T vo: 1 sadibe Bbe
seeas e L ¢ T 1 L e — H X s root e ooe
smsaa ve: 2as o2 : T T 2 o4 o mua: + : T .
b4 % Saegd i858 v { & 8 FODER Y S84 el oy
sasas e 3 : 1T T on e i o 3
Too g ot T T + age vo: 5 T t
pos 1 T you ¢ =T 7 : FH
AN £¥ L iz mat it + 1 i e 1500 snane JuoY 043 S0NPE 2904
P 1 poss sans: ap fu3 T ; run £ T 53 gue s T e a3at
L T 3
Bt - — = soees b3 T T :
toe: : - ¥ 1 e Ht i T
‘ “wy + + + . 3 roa nan +34 +
mHHﬁk S ks Sasess e
o jotn seany sptun Bas ey : . 3 + o
=] + s 1 ; Reg * Sune " s
g TT T gon ¥ * +
: = e ey oaod Saat Aaaat aha:
3 1 e I 3 ¥ oot toe su
s i + i : + + :
1 1 3 . s 33
1 1 bt PR ol T
v 3 T i £
+ t bames sans + 4 + = : 2 e + t
4 s : T = e 8 5994
T ssa 1t 1
: i I t i i : T :
Sane vy T : + - + oy Hees vy -
it t > iae 1 1 : 1 1
sasy T 1 £ 1 T T 4 pe
. I T e : : i3 eean st 1 & 1 ke Sease
e t pvs u: 334 aumnas: : T -
T t o T T ¥ T 35 saasy
I T Poss 12 1 IS8 SB0PS SOSER SESHS
T 1 : T 1 t 3
T IRan Sems ammes i1 T 1 + T :
IS8 S T kS ¥ SOES B4 T b3 &1 + :
= a8 e od 555 age
:= eseamna cve! z i . 3 i SDLES sobea EEot] e + I t 3 it S
Y . 2 3 - i masa s3oun sagna zane : cmzas s T : o ow:
X 1 Jhe 2933 T o4
X s o8 : mwes siLS by 1T
3 ThRE 3 (21 LSOT: Prast sabos cpogu oY
T T T 33 22 T 13 SEVY Pugny SOSEe $00Q0 SII0N panz 2093 P52
T + s s 2hoes Iegee oo2y o5 S3327 F2e00 St Loty e Ret sebat 2Les 2% 13s
> s > " ¥ TS DIt Shpge bony jos 35 19gne ooy spe T %
i ases X + ey ; EET =2 15333 251 sma BT as SEL] T
raee U sSane A ¥ = pauis 29SS4 SoPes Ibns SoRE YES0S tuade SOSS POBNY SOUEE SEESH MERES DOaSY By
55515 X X : i Jos 3547 EEE%, Pp= rebat 2838 SI30s 353 HEoT: 13t
sooee e o3 iSnas gpSte suse < g ) !
= Hrh : : Hi e : ‘ : e ¢ : : He S ES BEwes SEEPS POPSA SPPRE RESSE TR
T o & §Sboe vhug
3 ; 53¢ 9004 Mooy 1odpq SiSsy so4 P94
o Tt *
: s s + X 1 o : PROee 2TSE E0TY 1000 :
TT pay * X s T 52 jaaes 2% SR D0S Sueeruey rane spugy vp
| 1 35584 3553
iopas it A 3 rHpritt gas T 3
e X T
— IRERY it e e 1 1+
"y 3 b2 T T T LR SMES S ~ b3
s 59 T 55 et T 353 33333
I ke Iy TN e z e T L8 t b b T b1 IR A AR T BES 8 i z L
i+ + s + s '3 T T s TIY B3 sazen ogaps Egwas T
o= aas 1 g 534 e nE
T + T 1 Sess sod i3] phes o b 1 GASS SPAPY e
29300 sewa 2% swads soves 2 sanad et s : : 2855 508H rane bt : g pogus oat ToET IR suage pete bpoes ; hass Sooe
s T maa 3 T " T T T i ma spowe sewas
- BEcy 35S0 S50 pives intuy 9% oy ge 333 Spges shbgt oy spued shouy Shuty
jooe o ane v 1 1 e bas Sehor sGos TR o pe e
= : iee T 1 ot oed Inet cabha ol 1T v do0as o, el 1
THY T . g=: x s . : * T jaxszae engpstu: passases sxene oy 1200 sgnun co=esss T = IE32 sgmae nzas:
2556% nonss 1 Saes S by 3§52 Sa3et sRESH ESS3E Shets BESE poes: 53 SS3aS SRERE SRS S33L3 Eees s S
: oo e oot vee : TR tas : : + i + PRTS SSuut sttt vl 308 SER0Y PEPTE & iee Sae S o oot caska oty Sans Tus seate S00Ee
e [3es. oo ¥ |2 53323 9000¢ $a328 29003 S230e DRY T 123 =1 jagaas: 2 ey
S3s o8 r T gy : 15553 53534 00593 Shbes seose 351 b fons Sndon sobin saay i
BRgY Sghen saey e SOgY e 1 1 ee0ed $0eue Fo) PEPEY 09004 J00e shong poas 9008S = 5 5% 599p soanw upy pES Ses
: et X IS £eoe TS Y T3 1222 i : T 1 : . :




322

T T s
T T T
ot I
1
T TIT
* T
T T
1
i z 1S o4
3 + t +
T
T 3 T
L 1
* T
be Jo9
e
+
i i i
s +
I 7
p3s . s




3-23

T T " 904
IRUER SES2S EE SR Fa3 we suss T

e 5333 o1 i5az2 02
[ Fols 33t e T
: 1 :
v - : - jges 309322033 reat 1 jE g8 gyoss
: 39389 Soges 8084 $708 LOTPe SSTet SSad Abey
b Po9 TS EEoSE sohat 15y oot $4000 ST
= 13332 $5333 s3==13 3333 S23scrEst:
2 S35 o S3E31 Seees SS et FEss
TeTe Seeee Y : :
e i1 [E2RS 290D $4 243 953 i 139 sa 3
: T 2 SSR3% 3303 SESES EREae
: ;
st o
> : 32203
; j $6581 SSS4R pREEE o 0E 153 H atny
t380e S85 34
HET 2 nanas t
1 I e kne i
: + + =
b 55 3 §35E5 §33 s333% SREES 1O
I 1 sawd 1 b i
T : j2s t 52 (351 ESS8: iSEot iotes 15238 1353,
ITPES fonat reses Tenty sesen aseut iu: + oot $54 :
tzzzaus ot suam: s gas : 3
(S8ia taunt igael ol [52 9001 SRS S0 1B 531 33383
E R o 3% SSSFE heye o351 or age = ; 533 23T IS ST
i by oaes & PEE Sagt iaed
5 3% ST S0 iofee sony
s ; JS5es Lo00,
: coes + ISTSTIIT] SITIIEES 1t
> oS $aa1 b
3551 14438 atE Saet el Sak: SR STt EEEaTes: ! e : foe: £320g o008 -
ES 333 1330 FOTEY COPRS SoeaT ppant tenes SpEsyTeeIs resysas: i BTsss=gs sevessyns: o
1 359 1935¢ 9235 $339 1249 Jsoas saves soy - 3 sith piSE 2305t S50 1591 : 1 o 1 1T

i

shags $8904 vewps
5
= pe. * 133
> T 1251
. 5% sgoun supd v
b 't
4

4
su tmaws onu e ooy T




3-2l

ogeet

teorn
Tt
111l
333)
s
1555
Fese
23233
1928 tas. p E328] §3881 $1338 caaagars
FRERE sE30, 1122 M S3u% oo diby
e 8L Seass (ROTE 28T4E symat iy }
BE51 $333258. | 33343 532s spesaex: *
+ ¢A«A +- -+ sbpan 58 1.
342 553 :
it jasd el
331 33335 100 SR Spags soagd 144 o) : 3!
158 chods shes) JEBSE Sobby EpERe soREs rlan
2 phav gt sRopuCopes CEPRSRIce] ORIt eRE: THOC Rved ST
¥ [S=FELs sxgpazzans o
i35 Seses Sass best & jads 5383
o83 958 fga 54 feidop ioeyl
HE 51 spegsas:
Pe4 veey os sBESS hady
Tss eaes S il ptes o8}
o S
e [SSSR PRLSS spEpE s R RN tO
kS &% » ‘vf?o‘xu &y Bt
jease 38t -
: 1 t T
: HH
1
1
!
+
11 :
bae sast
1 T
1 " !
t
{
b oggne £ i
jEsss !
2 { T
1 e S e
+ T tril
{Basas s
T i
+ :
FQJ.TJ..IX PR
e T
eeoa st 1 1
+ H
pes +
1t *arus]
+ t sas:
: IS 2 £8e
4 :
a8saad
1 : T
2
: ¢ e
! ;
3
: o f
oot at 1
. T
oy !
T
: T
+
T
t
T b he
, ¥ H
; . T
223 s 3 e L Ihe et eamns
+ seess
;i
; 2 17 ;: :
; e =t
T =2
joes H=5h :
T
; i
s §080t : i : :
........ 3 Sase by pans ES2
b0 o T eoer
=l ke 4
¥ 5 : §asas
D en
1 1
nd ha t o
z b $
: ¢
8 SS90 sudy 3
[E5e SoSTy bubss nult oo =3
oo 523
s oo =t oree




3-25

y 22 spmnnsnvan 2 133333 T T soangs T TrTT T r TR ssannaszz sz T . T e |
o I bgs N ¥ T 7 1
08 saa e Satedgss pess N e } 1 ey 3 "
b el + 3 SR puS ney S 23 =333 233 <+ + +
4 3 5 t
i < ¥ 13 224 T
: )¢ gee 194 594 T o ;
o 3 b23 ve ndus W] rise 3 i s
T 2 * t t + T T T et T 8
o 88 P4 Bg 1 -
239 T el o4y o4
It 3
= T z + iy + T + +
p + 3 4% PSS 22394 24 o5 o4 o
e 250254 3008 §3054 2844 ps SPoP¢ 1 T s
1 T 2% oR e : e 1
jos: T 323 S4039 SE32S S3Tn eTRes 1350 e 1232 13230 2o T + aas
: he J2 232258 EPe S8 15t ; pA o8¢ o33 o a4 T g4 e
999 RS RTS o34 e PS8 53 00 RT3 L +
s b PRER B3 5 3
- e -
¢ [ ST R0 o0y SITTY S2OTY (D0 ROTT2 RS SRCS sp0as naue >
' L L il £3 1 6 + 1 > e be
’ t 2 cxanans o ¢ s szaz: < T * s o nea: T Y s T 2 =
’94 4 FOSte apae 204 pad & 1
o T 024 > 1 1 ¥
2 R N L R T LT A 12 ¥ B +
o T e 14 e o :
. s 295 SOPPS PP YU aay 199 52788 aggu & A\ I 3 1oe pos: : T L
1 T T E3 [22S 2SR S Rae) 132 222232333 + + ® i v +
T pe spoee 1534 1 333 33333 s394 554 8!
"
T M rfrr 32 bus
joss 5 : 89928 4 b’ I 3
T + t
9094 o T
+ t
1 3 saser +
t
> Ju T T
“1»& L T : " >
i 1
: t ’
1 Seoas
rass su:
+
z s
+ 13 T T T pm =1 T
+ 1 3
i3 s
- t : T :
T + T T P
o § +
+ T T 20 ros 1
¢ puge s
+
v
¥
+ $
1 T
T + r = t
T 1
T
: 1
1
;s
1 : 1
s T T
18 pooy L ot :
$ + a:
4 2 3
Sa o avbed T
: + pgeen
e o 1 t
- pretr + T pegs =
- et
e oid e #eoes




3-26

12835 19223 sasax sagas nassn spszas: T vyaagsssesocomesd somazens: e T T T T T T T T -
DS SEDSE DODY Jaa st e T TIT 108 83
Eftas seest sieid 3928 1aana soP0s saan sy oo s ay eon ages HE + T 1
o i858 il nesy 2 8 jsenasa! H t ¢ 1
1653 SEEEN RSRDE LIIAAGE LA Su: T T T 8 Aa e
passe iiget sood e jgass et " ¥ 153 588 T 1
535 580 vooe s joa b8ase 5434 18 :
oot S3584 soget IENS e sREE1 25022 1R854 HR8t SIS + i
53 ts3ar aes S t =331 snes: :
b 13253 1 t
: :
:
T t
T
BRGH SREY § ¥ I
+ T
. b, 8 4 sana 1
b i s 1 1
- * ED EEEED 0094 SAGSE SSEDE 4 pal 4 b T =3
2] +
.
s B 20884 8
ee2 a sxse
] +
T : } s 2554 100 2200 DETDS RPES Shbbe b0ass segpy poded SRS
44 + g PSS 2SRRS 45504 SEDOE SAEES 860 H
2 £ ; :
t pid : 3 T
T 1 .
3 : = 1 ! =
i ne zis s : + e T
reass 258 Souse Soags sass. I
e bl s u s 3
B ’ + t f :
7 H >
Noed K. RDEN Ne
+ T T T T
I IS 544 3=
233% L 3 pay p " e
go=s o=t ;i ; ;i T ; s, s
3 34 soaea SELR] 13234 5822 fiss : s
T o 32 Fp=s i seeassabss : peas EREG i3
- )Y i I —— — il =3
& = DEDY ¢ DOOY pads T , T I ped
= 2 e Eole - : Ty atst SSa8s tageanen: s 88 -1
e e Eeeys toes t + t E ]
? s o33 sxns t :
sasts Sass ruii 3 si3ed sas T 1 } 1 =1
ot : e sy sloet seses & = 28 > : P9S80 SRR0% SOUSs IOTCE SPCHT pemoy nSRg! Foner SO0y so0es BUDES sRSTH CUOSS o 8 et jessssat ae e ]
:




3=27

335
i
3
T
i
H H s H
0 T
: : H
H | 35
E :
8 3
B q 5
i st ; i
Hh ¥
HHEEH ¥
HIE :
HEH %
S 1
B 3
T
t
e
HHH
HH
. asns
o i
g
pis
tH =
55 222
H
&
t i
b H5
i
H
H
H
H 1
Seue s u: 3
*
t
i
!
i
4 >
23
. o »
S
:
+ r
: -
i t :
i ¢ E
!
: 3
E
;




Chapter IV
A Method of Interpretation for Anomalies
of Total Magnetic Intensity caused by
Two=-Dimensional Bodies

E.G, Zurflueh

A, General Remarks

There are numesrous methods of interpretation for mage
netic data, each one having a certain range of application,
The method of Egyed (1948) which refers specifically to two-
dimensional bodies depends on the measurement of the hori-
zontal and vertical components and can, therefore, not easily
be used for total intensity data.

Among the various existing procedures for the analysis
of total intensity anomalies, the most widely used are probably
the ones of Vacquier et.al., (1951), Henderson and Zietz (1958)
and different mathematical methods as described by Peters (1949).

The mathematical methods are complicated and can only
be applied to the interpretation of accurate magnetic maps.
The more graphical methods on the other hand have limitations
imposed by the geometrical configuration of bodies to be ana=
lyzed. The method of Vacquier et.al., for instance, becomes
inaccurate when applied to bodies with a horizontal extent
equal or smaller than its depth of burial. The method of
Henderson and Zietz has been partly devised to overcome this
difficulty and gives good results for narrow bodies, while it
is, in turn, not applicable to wide bodies. DBoth methods re-
late to prismatic or cylindrical bodies of more or less iso-

metrie horizontal cross section.

-1



L=2

Since many of the important geological structures causing
magnetic anomalies are much more extended in one direction than
in others, the computations of Chapter III are expanded to
furnish a quantitative method of analysis for two-dimensional
bodies,

It 1s belleved that the method can close a certain gap in
the range of graphical methods and it is also considered desirable
to work out a simple and uniform method which can be used for
bodles of small as well as large width compared to depth of burial.

The method has been devised for simplicity of procedure,

In order to minimize the influence of adjacent anomalies only
distances near the main extreme of the anomaly have been used for
the depth determinatiors., As a zeneral rule it is only feasible
to use differences between abscissas of certain points on the
curve since all measures Involving the total intensity values

are dependent on the susceptibility of the body. From various
distances that have been considered, the distance h between points
of half maximum (or minimum) value has been selected as the main
depth measure (see Fig. L=2). The computations have shown that
this distance (hereafter called half-width) depends mainly on
depth and width and 1s comparatively little influenced by other
factors.

The distance a has been chosen so that the ratio b = h/a
gives a clear distinction between different values of W/d. 1In
order to satisfy this condition two different distances a had to
be used for middle and for low and high magnetlc latitudes. For

inclinations near 0° or * 90° there is a choice between both
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values of a and depending on the circumstances one or the other
may glve better results,

For the practical applications it 1s useful to keep the
limitations of a method in mind. For this purpose the basic

assumptions that have been made are briefly summarized he 3:

l, two=-dimensional body.

2. vertical sides (this assumption implies that the
method 1s, in general, to be appllied to anomalles
which are caused by susceptibllity contrast and not
by topography).

3. vertical extent larger than depth of burial,

. uniform magnetization.

5¢ no remanent magnetization (if there 1s a remanent
magnetization parallel to the present earth's field,
the method can be used but susceptibility estimates
will yield too high values),.

B. Mathematical Expressions

The derivation of a few mathematical expressions for the
anomalies to be analyzed will be helpful in evaluating the
properties of the computed curves,

1. Formula for the anomaly curve

Assuming induced magnetization only, we obtain the following
expression for the total intensity anomaly produced by a twow
dimensional body with vertical sides and rectangular cross section
(see Fig. li=1) by uding equations (2-7), (2-8), (2-9) and the

expressions on page 2-10:



T =K, A+KpB (4=1)
at which N \
K, = 2kF (oot T 2im’s = odu' 1) (h-2)
k1= ’LkF ')"M).I v S
and ) .
A = eL‘en_ ez +6I
- /'-‘_ — 7| .r'
B Z'?’ - Z‘TY 7&4
¢
T4
d = depth of burilal
]) N W = width
Ny
g‘g X D = vertical extent
\
/ / P = field point (on
4 the x-axis)
0 = origin (note that
[
) the origin used in
]> this chapter is located

chapter II.)

Fig. =1t cross section of assumed

on the body's axis of
symetry and not at the
field points as in

body and coordinate system.
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Using distances instead of angles and setting d = d + D for
simplification we obtain the following expressions for A and

B: ety -
A- rreh d d 4 -+ &
—— w — v s — '—_-_-—- = N
xt+& EAd d x= X -
. 2 T L ‘ 2 (b-3)
i =7 / WAL - < Mo g *
= = P A Y =) L4
B L%;\_WT"-J \ x.)_; wwy A MRS Il
=T~ WS e WIARNE
— i/ - Y - - ! t - ~+' N m e :k
»Ca, P \A . “ ] " T e — ' \ / _zjr ()-I."Ll.)

Equation (4-l) can also be written as:

o PARWIRY
‘B i x't'J*A -:/“»~ ,\/ J J/‘(f\‘A W}\J*
- v, - -—-.-—w... L A yye o
LT X+ (\A 1') L,X {' N\)‘-J ,\1- ] NM/J... \,v?

(Y=l4a)

Equation (4=1) gives the resolution of the total intensity anomaly
into an even and an odd term as will be shown here:

The function A(x) represents the even term since replacing
X by =x in equation (4-3) does not change the expression. B(x)
can be written as B(x) = log f(x), where f(x) 1s the square root
of the fraction in equation (4-4a). If B is odd it must satisfy
the condition log f(x) = -log f(-x), and therefore, f(x) = 1/f(-x).
That this condition is fulfilled can easily be seen from equation

(Ll-"}-{-a) .

2. Extremes positions
In order to evaluate the maxima and minime positions we
take the derivative of formula (4=1)
Tt = KlA' + KZB'
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Taking the derivatives of A and B from equations (4=3)
and (4=l4) we obtain:

Ao = d . _d4 4 __d
¥)y= — - . - ;
]’L+ (y+‘-:‘£)1 a'l*(’(""';{f dL+\>“¥)2 J1+(¥-\'{)l
(4-5)
B = s T
A ‘+(¥«-\{) ;l‘+\>(*-‘{) ATHx==" 4 f("-/(u-é)

In a more concise notatlon the derivative of the total intensity

anomaly can then be written as:

.r/ 9 = Kti;-':__l_f s','. (4-7)
D| D L’L‘a D *

whers £'= 4 (D, V. Dbye-D_ D,D o) 1-/)‘(DD'D+“D.VDL’D:,)
ma F'a(x v XD DD, DD,D,) r {=¥)(L,b,~DD,D,)

()

Poc)
. gc.)
Pm

where P(8)(x) anda P(5)(x) are polynomials of the eighth and fifth

i
Expression (4-7) is of the form Tix)=

degree respectively.
Setting T' (x) = 0, P(8) (x) contributes the two solutions x = * wo
(where the anomaly curve approaches the x - axis asymptotically),

and in the following we will only consider the equation:

P(5))x) = KyE' + KoF! = 0 (4=8)
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Substituting for D; through Du we obtain the following exw

pressions for E! and F!:
Eloy= -~ 2WDx® +WD(4dd +Wh)y3 (4-9)
- - - b3 \ 4.
cw2d1(P-F) - 4ddWD-gW D [x

] s - ) L
Sl = 3W (TS A x W= 4 (d e at =Y )

(4=10)
—w(AT-d )\_J At + Z (-J +d?) J

For the general case it 1s no%t possible to obtain an exact so=-

lution for equation (4-8)., However, since E' is an odd function
of the fifth degree and F' an even function of the fourth degres,
we can solve the problem for cases where elther K; or K, 1s equal

to gero.

e Ka = 0.
According to equations (4=-2) this condition 1s satisfied
for I = 0% or + 90° and for s = 0° Solving the equation E! (x) =

we get the following extremes positions:

1 —"
X, =0 >(1'34‘5=i\/j24 +% * %/LJJ[Z(JMY‘-BW’“]

(4=11)

be Kl = 0,
This condition can also be written as tan I = £ sin s
(from (4=2). The relation can only be satisfied for + 45%Iz-45°.

Two extreme values are: I =45° s =90°and I =0° s =0°,
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For the latter case both Kj and K; are equal to zero and no a=

nomaly will be observed,

From the equation F'(x) = O we obtain the extremes positions:

ase = S { Y= () 2 (Tran Wi 307
(4=22)

for Wd, D the expression reduces to: x = % W/2 (4=12a)

3. Summary

Formulas have been derived for anomaly curves over twoe
dimensional, rectangular and vertical sided bodies and for the
positions of the extremes of the curves for special cases of
inclination and strike, It is not possible to obtain exact so-
lutions for some other quantities like the half-width that are
used in the method of analysis presented here.

However, the formulas give information about the general
properties of the anomaly curves and they also allow conclusions
about the relationship between the different parameters involved.
Many of the relations mentioned here are illustrated in a quali-
tative way by the curves shown in Chapter III of this report,

The following main conclusions can be pointed out:

The parameters k and F are merely multiplying factors and
have no influence on the shape of the anomaly curve (see equations
(4-1) and (4=2)).

The angular parameters I and s determine the relative im-
portance of the even and odd terms of the curve. From equations

(4=2) it follows that for positive and negative inclinations of
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equal magnitude the anomaly curves are symmetric with respect to
the z-axis, if the other parameters are held constant. This is
true if the origin of the coordinate system 1s taken over the
center of the body, and the profiles are drawn in the standard
way with the northern end to the right.

Tt can be shown that for s = 90°, constant body parameters
and for inclinations that differ from [5° by equal and opposite
amounts, there is a central symmetry with respect to the origin.
Mathematically this can be formulated:

I=)5°%a T(x, &) = «T(-x, =) for a = 90°

The two symmetry relations (see also page 2-9) reduce the
amount of computation necessary for the method of interpretation.
Since we can account for different strikes by applying a cor-
pection to the values computed for s = 90° (see page L-43), we
can restrict ourselves to computing curves for inclinations be-
tween 0° and + 45°,

The first solution of equation (l4-12) gives the distance
of the point with maximum value from the origin which coincildes
with a zero position of the anomaly curve for the cases where
Ky = 0. This is the distance a which is used for the interpre-
tation at certain inclinations (see Fig. 4-2)., The formula
shows that for great width it is approximately equal to half the
body's width and that, therefore, the main extremes are located
over the edges of the body.

With respect to the body parameters d, Wand D 1t can be
said that, as test computations have shown, changes in D in
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general affect mainly the amplitude of the anomaly, while they
have less influence on the location of the extremes and of the
zero positions. Furthermore, for physical reasons 1t is clear
that 1f D 18 greater than a certain value, say greater than d
or W, an increase in D will only slightly affect the anomaly
curve because the added magnetized mass 1s too distant from the

plane of measurement.

Ce Description of Method

The quantitative analysis of total intensity anomalies de-
scribed below is based on theoretical curves which have been com=
puted for rectangular and vertical si”ed two-dimensional bodles
(see Fige Li~1). Sets of curves have been obtalned for fixed ratios
of width to depth by varying deoth and width proportionally (Figs.
<11 to 4=26). 1In addition the curves for variable strike of
Chapter III (Figs. 3=3 to 3-7) are used. The analysis can be
carried out in the followlng steps:

1) The inclination I of the region is determined by some
means (isogonic maps, tables or measurements).
2) The approximate strike s of the body causing an a=-

nomaly is determined from the magnetic or geological

mavo or from other data avallable.

If no information of this kind is at hand a rough
estimate of s can sometimes be obtained by comparing

the measured anomaly with the curves with variable

strike in Chapter III.

3) If a magnetic map is to be interpreted, a profile is



L)

5)

L-11

drawn through the center of an anomely at right angles
to its strike.

If only profiles have been measured, the profile
has to be projected on the direction perpendicular to
the strike. For the practical application 1t is suf-
ficient to multiply the distances h and a (see below)
by the slne of the angle hetween profile and strike,
The profile then is compared with the computed curves
and a curve that most closely resembles the actual one
is chosen, while keeping in mind the changes in shape
produced by the strike,

Since often the exact regional field 1s not known,
the maln purpose of this comparison is to determine a
zero line for the anomaly,

From the measured anomaly proflle the dist-nces h and
a and the ratio b are determined from the maln extreme
of the curve (see Fig., 4-2). It is essential that the
part of the anomaly which lies between the main maximum

and main minimum be used for the determination of a,.

T4
, h = x! -X (half-width)
Xos| Xm Xos ;‘ 0.5 0.5

B & = %5,5 %o °F Fn %o
: ] N : according to the inclination
(see nomogrems A).

! b = h/a

Fige 4=2: Total intensity anomaly and explanation

of h, a and b,



6)

7)

8)

9)

10)

-12

If the strike s differs substantially from 90° a cor-
rection has to be applied to h and b by using tables

=1 to 4~k (page 4-55).

With the corrected values of h and b enter nomogram A

for the nearest inclination., (Figs. 4~28 to L4-37).

Read a ratio of W/d for the body.

Nomogram A also gives an estimate of the depth of burial
de A more accurate depth estimate can be obtained by
using nomogram B with h and the previously determined
value of W/d. The width W of the body can then be cal=
culated from d and W/d.

For inclinations near the middle of the 15° intervals,

of the computed curves an interpolation is necessary.

For this purpose a W/d4 - ratio is determined from nomog ram
A for the two adjacent inclinations, Then the average of
the two W/d ~ ratios is taken and a depth d determined
from nomogram B for both inclinations. The average of
these two values glives the depth.

The susceptibillty k of the rock body can be calculated
from the maximum value of the anomaly. The model a-
nomalles have been computed for k = 10~3 emu and a total
field strength of 50,000 gammas. After having corrected
for the total intensity of the earth's field in the area,
we obtain the susceptibility in electromagnetic CGS-units
by the following relationship:
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k = 10=3 T max/T*max

where T max = maximum value of measured anomaly
T'max = maximum valus of computed anomaly
It has to be borne in mind, however, that the vertical
extent D and the strike s have a strong influence on
the amplitude of the anomaly, and therefore, affect the

susceptibility measurements.

The interpretation procedure can be clarified by stating an ex-
ample. The profile in Fig. 4-3 has been computed for an incli-
nation of 26° and the true body parameters are indicated in the
figure.

The half-width h taken from the profile 1is 6.5 km, tne
distance & = x ~xy is 4.2 km and the ratio b, therefore, equals
1.55. Correcting for the strike according to table 4-1 we add
h% to the half-width and obtain h = 6,8 km. Similarly the cor-
rected value of b is 1.4},

Entering nomogram A on page L4=-51 with the adjusted values
of h and b, we estimate a W/d - ratio of 3.3, With this and
with h nomogram B on page 4~52 gives us the estimated depth of
the body which 1s approximately 2 km.

In order to complete the interpretation it 1s necessary
to determine the location of the body!s center. This can be

done in a more or less qualitative fashion as follows:
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According to eq. (4=11) for I = 0°® or * 90® and for s
= 90® the enomaly is symmetric with respect to a vertical
line through the center of the body and the main extreme is
located over the center,

For the cases where the anomaly curve represents an
0dd function (in the standard coordinate system, see eq., (l-
12)., The maximum and minimum are located approximately over
the edges of the body, while 1ts center i1s given by the zero
posltion between them.

For other inclinations and strikes the center of the
body can be found between the main extreme and zero positions

by interpolation according to the computed curves.

D. Results of Practical Applications
l. Analyzed Cases

Some anomalies on Canadian aeromegnetic maps have been
interpreted with the method described above. From geological
maps 1t can be inferred that the chosen anomalles are caused
by rocks exposed on the surface. The depths determined,
therefore, can be directly compared with the flight altitudes.
Since no susceptibility values measured from rock samples
were immedlately available, no susceptiblilities have been cal-
culated for the examples.

Fig. L=~} to 4=-10 show parts of the aeromagnetic maps

with the analyzed anomalies. The chosen profiles are indlcated
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by the lines AB and the distances h and a are also shown in
the figures. The zero level used is given by the point O
on the profiles. The inclination and the strike for each

case are indicated in parenthesis in the accompanying text.

2. Port Hawkesbury, N.S. (Fig. L-l)

The ratio of W/d was found to be approximately 7 and
the depth determined is 290m (I = 73° s = 57°). The flight
altitude is about 1000 feet or 305m above ground. The geo=~
logical map shows an outcrop of Pre~Carboniferous granitic
rocks surrounded by Mississipplan sediments at the location

of the anomaly.

be Deskenatlata Lake South, NW Territories

For the anomaly near the Taltson River (Fig. 4-5) a
W/d of 8 and a depth of 290m were obtained (I = 81° s =
22°).

The anomaly Ay By in Fig. =6 yielded a W/A ratio of
4 and a depth of 225m (I = 81° s = 13°), the profile Ap By
a W/d of 2.5 and a depth of 320m (I = 81° s = 10°),

The flight altitude for all three cases is 1000 feet
or 305m, The average of the three depths determined 1s 278m
which differs less than 10% from the average flight altitude,

Geologically the area is composed of Archaean and Pro-
terogoic acld rocks.

Since 75° is the nearest inclination and because the
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graphs for I = 75° are more reliable for small depths than
the ones for I = 90°, no interpolation was attempted and only

the graphs for I = 75° were used for these cases.

c. Mack Township, Ontario (Fig. 4~7)

With a W/4 ratio of 2 we estimate the depth to be 170m
(I = 76° s = 90°), The average flight altitude i1s 500 feet
or 153m above ground. The rocks of the area are Huronian

quartzites with quarte diabase and quartz norite intrusions,

d. Gladstone Township, Ontario (Fig. L-8)

The estimated depth 1s 130m and the W/d ratio 1 (I =
76%, 8 = 55°). The geological map indicates Huronian sedi-
ments of the Gowganda Formation with intrusives of the same

type as found in Mack Township.

e. Bright Township, Ontario

The profile in Fig, -9 gives a W/d of 1.3 and a depth
of 120m (I = 76%, s = 90°)., The results for Fig. }-10 are:
W/d = 1/2 or smaller and d = 170m (I = 76°, = = 90°),

Pre-Huronian granite gneiss and related plutonic rocks
are the rock formations encountered near the anomalies.

The average value of all depth estimates for the ex-
amined anomalies in Ontario (which are relatively close to-
gether) 1s 148m, which comes very close to the average flight
altitude of 153m.
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2. Conclusions

The test cases have shown that the method gives reliable
depth estimates for anomalies that are reasonably elongated
in shepe. For carefully chosen anomalies the results often
are accurate to within 104, although only very small depths
of burial have been considered. For greater depths 1t 1s to
be expected that the method will give even better results,
because deviations from the basic assumptions (uniform mag-
netization etc.) will be less important for those cases.

For this method, like for others, it is of advantage
to choose 1solated and simple anomalies. As a general cri-
terion it can be said that good results can be expected, if
the shape of the anomaly profile 1s in its major parts com~-
parable to the theoretical curves.

For anomalies which are nearly isometric in the map
projection, the depth estimates obtained with this method
tend to become too small, because in this case the bodies
considered are not two-dimensional, However, if an anomaly
of more or less elliptic shape 1s about three times as long
as broad, the method can be applied successfully.

It was not possible to check the W/d ratios determined
for the actual anomalies considered above. But measurements
on computed curves have shown that they are somewhat less re-

liable than the depth estimates,
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E. Curves and Graphs

l., Computed curves

The bodles for which the anomaly curves have been com=-
puted are of the kind described in paragraph B and the co-
ordinate system used 1ls essentially the same as shown in Fig,
-1, As abscissa the ratio of the horizontal distance x to
the depth of burial d for each curve has been plotted in
order to facilitate the graphical representation. The verti-
cal extent D 1s the same for all bodies, namely 15 km. The
depth of burial d in km is indicated on each curve., In all
cases the assumed total intensity F of the undisturbed field
is 50,000 gammas and the susceptibllity k 1s 10=3 emu,

For width to depth ratios smaller than one the curves
practically do not change their character except that their
amplitude 1s multiplied by a factor proportional to W/d.

That is the curves for W/d = 1/2 e.g. are approximately the
same as the curves for W/d = 1 multiplied by the factor of

1/2. Therefore, only curves for W/d 22 1 are shown here.
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2+ Nomograms and Tables
The values of the tables and the nomograms have been

obtalned by measuring the corresponding distancss on the comw

puted curves,

8, Nomograms

Nomogram A for each inclinatlon shows two familles of
curves, Both of them give the half-width h as a function of
the ratio b, For the solid curves the W/d ratio is held
constant, while the dashed curves are plotted for constant
depths of burial,

On nomogram B the half-width is plotted as a function

of depth for constant W/d ratios,

b. Tables

As equations (4-1) and (4=2) show, the strike influences
anomaly curves for different body parameters in a different
way. Corrections for the strike for different values of depth
and width are given in tables 4-1 to 4-4j. & h and A b are
the percentages that have to be added to the meagured values
of h and b in order to obtain the values which would have been
measured for a strike of 90°,

For inclinations of less than LS° and strikes near 0° the
positive part of the anomalies becomes larger than the negative
one, and in these cases 1t is more convenient to measure the

distances b and & from the maximum instead of using the minimum

(see figure L=27).
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Table L=l
Correction for the Strike: W/d=5, d=2, D=15

s Ah(%) Ab(%) AR(%) AB (%)

I=15° 60° + 1.8 + 2.8
ys® + 4.1 +12.4
30° +10,0 +26.9
15° +1h.hy +23.4 +11.L +1 .
o® - L2 +15.9
I=30° 60° + 3.1 - 33
is° + L. -10.9 - 1.1 -36,1
30° - 1.3 «33.4 + Loy =11.7
15° - 3.4 + 3.5
0° -14.7 = 742
I=,5° 60° + 3.3 +13.4
Ls° 0.0 +21,6
30° - 4.0 +35.7
15° -13.1 +33.1
0° -16.5 +19.7
1=60° 60° - 2.7 + 2.2
Ls® - 5.8 + 2.1
30° - 8.5 + 0,9
15° =141 - 5.7
0° -14.8 - 749
I=75° 4s° - 1.5 =10.4
15° - 5.1 + 2.9

o° - 4.8 +19,7



Y=56

Table L-2
Correction for the Strike: W/d=s5, d=0.5, D=15

s Ah(%) Ab(%) AR(%) AB(%)

I=15° 45° +2.0 - 1.5
15° +3.2 «12.7 +4.9 + 2.8
o°® -1.2 +330
I=30° hs® +;.2 -4.5 6.5 <llie0
15° =0.8 +10,7
0° +5.0 +58.0
I=45° 45° +6.0 +34.0
15° -1.6 +57.0
0° -3.1 +123
I=60° 45° +1.7 +12.6
15° =3.2 +18,6
0° =lie3 +60.5
I=75° Ls° =1.5 + 2.0
15‘ -109 +720)4-

o® 2.1 +172



4=57

Table 43
Correction for the Strike: W/d=l, d=2, D=15

8 Ah(%) Ab(%) AT(F) A b(%)

I=15° -60° - 2.6 ~14.8
ys® - 4.8 =31.0
30° -12,6 =42.1
15° -31.3 -72.8 -30.0 =71,0
0° + 7.2 +185
I=30° 60° - 4.3 - 5.8
L5°® -12.8 -19.3 -30.8 =37.9
30° -28.5 -37.4 «1l.3 26,0
15° + 8.8 +21,6
0° +20.1 +190
I= ;5 60° + Toly +15.0
4s® +16,2 +2l .l
30° +30,2 +55.0
15° +4}4.0 +114
0° 452,0 +306
I=60° 4s° +11.5 +32,2
15° +20,0 499,
0° +21,0 +184
I=75° Ls*® + 1.9 +2li.5
15° + 3.0 +91.7

0° + 5.0 +154
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Table l=i}

c
orr
eC
t1
on
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th
°
Strik
‘l
s W/
ds=
1
g Qw0
5
s D=
15

)
A
h(%
)
A
b(%)
AR
(%)
A
1)
(%)

I=15°
45°
I - |
‘300 o. "3;.0
.6
=3
: -87.0
: -1 1.7
j - 4.0 -29
2
) +
ys*® 3.6 h.6 -.75
I 150 ﬂ ) +h0;8
=b 0° » |
| +5 +10
+68‘0 ) +25.6 =1
ll'So 0.7 + .8 .0 + .7
188 19,6
I 15° ) +73 "'MI-O
=75° 0° +2§.5 |
+23.7 +23
4s® .8 +16.6
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1
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+*
5
p +39.4
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+36
0



Appendix

A Digital Computer Program
for the Computation of Magnetic Anomalles
over Two-Dimensional Polygonal Bodles

M. Talwani and J.R., Heirtzler

1. Framing the Problem

Rewrite eqs (2-7) and (2-8) for a prism of Fig. (2-4) expressing

¢ in terms of distance:

X, -~ X, = xh_=—xt, , 2, "'31"34;""iu
2 2, a I
('21, * X)) (’2'1, + )‘,,_)
2
1 ¢ oS ¢ = 2 Y2 = ‘2’,,_ X2/
2+ X,L 2 * d
i * €, + Az
2
Fy kN
LR ¢ = %2 - 2,
-~ L]
2 z z
L *F X '3;;_ + Xz,

A-1



A2

This yields

V= z (Mg Q‘- M‘ P')

(A-1)
” = z PI H {
(M, P+ H Q) (A-2)
with
'zl
P'= (6,-8,) -~ 3ukn
—————— Oe’ (r C’ -
*u +le PRy y AR 1 (A-3)
= Pae ¥qp '?L

@'~ (6,-6.)+ 2 _ Log (refr) (A-})

9‘” + %h f + X5

By refering back to page 2«7 , 1t 1s seen that integrations leading

to this result were carried out in a counter-clockwise direction,

that 1s ® moving c.c.w. during the integration. For a computer

progrem there 1s an advantage in using a different labeling of

body points (see Fig, A~l):
o

- &

Figo A"l

(%, &)

Ho



A-3

The previous calculations can be utilized provided we replace
v, boyn , by, , 6,by 8, , and 6, by & ., These changes
give the following equations:

Vez (M0 - pm,p) (4-5)
H=2(m, P+ H,Q) (4-6)
I
P = , 24 - 6 - 8,)+ £y Xn Logir. /v ) (A=7)
#y, t X)L iy, X
Q= *uta (®-8) - 23, Leg(n/n) (a-8)

3'3.; - Xy g * X%

For a given field point (point of observation or origin location)
the computer computes eqs (A=S), (a-6) s 8nd the total intensity
anomaly (eq 2=9) for each face of the body using eqs (A-7) and
(A=8) as internal subroutines, It sums the anomalies for each
consecutive face and then proceeds to do the same for other bodies
present, After the various sums are printed for a given field
point it goes to the next fleld point, etec.

The program has been written specifically for bodiles
with induced magnetization only, but can also.be used without
modification for bodies having remanent magnetization or bodies

with both remanent and induced magnetization,



A<y

For computing convenience we can write (A-5 and (A=)

above as:

V = z.&F[(c-o; ITAs6n s)Q = (Sein 'zljc} (A-9)

H = 24 Fllos T)(su-s)F +{s TR ]
(A=10)

For bodies with induced magnetization only, k represents the
susceptibllity and F the magnitude of the total wndisturbed field.
I' =1, ' = 8 as in Fig, 2-7. For bodies with remanent or mixed
magnetization kP has, of course, no significance; it is merely
retained for convenience so that one can use the same program as
for bodies with induced magnetization. In practice kF is made
to represent the magnitude of Mngy for bodies with remanent mag-
netization by giving k the dummy velue of 1 and F the value for
Mpeme Also I' = a, s =b as mentioned on p. 2-1l1l, Similarly for
a body with mixed magnetization k is again given the dummy walue
of 1 and F the value of Myyge I' =0of, 8! =p as mentioned on
Pe 2=12,

We note that the expression (2-9) for the evaluation of
T, the total anomaly, remains unchanged whether the magnetization

is induced, remanent, or mixed,

2. Flow Diagram
To assist in the understanding of the flow dliagram and

the subsequent program the following list of symbols 1s defined:



A=5

Table A-l
Program Symbols

Symbol Meaning
DIP# Inolination or Dip, I, in degrees
DIPD# Modified Inclination or Dip, I!
in degrees
Dit Strike, s, in degrees
DD Modified Strike, s', in degrees
Fae Total Magnetic Field intensity,
in gammas
Ci¢ Magnetic susceptibility, k, in e.m.u.
EXX, ZEE# Coordinates of body cormers, entered

in program in clockwise sequence in-
cluding first twice

JTOT4 Total number of body points inecluding
first twice
CONS#* Constant value of 2 of fleld points,

zero for shipboard surveys, negative
for asromagnetic surveys taking sea
level as £ = 0

FOs x value of first fleld point

DELX3t Increment in x value of field points

THETA, THETB Angle to corner mesasured from x-sxis,

OMEGA Angular span of face from field
point’ 90 - D._

K Subseript for consecutive fleld
points

KTOT4¢ Total number of fileld points

LNO:# Subscript for body number



Awb

LNOT# Total number of bodies

H Horlizontal anomaly for single face
of body at field point, in gammas

v Vertical anomaly for single face of
body at field point, in gammas

PSUM The sum of P's for the various
faces of the body

QSUM The sum of Q!'s for the various
faces of the body

HSUM, VSUM Horizontal and Vertical anomalies,
in gammas, at field point for
given body

HASUM, VASTM Horizontal and vertical anomalies,
in gammas, at field point for all
bodies

TSUM Anomaly in total in%tensity, in

gammas, at field point for given body
TASUM Anomaly in total intensity, in gammas,
at field point for all bodies
#Data which must be entered into computer from typewriter,
D and DIP are used in the calculation of V and H,
DD and DIPD are used to calculate TSUM and TASUM,



no

_T_l_.—_
[1s Z1 = Z2 7|17°

’ |
[ SENSESWITCH 3 }-l on 4

A7

ENTER DD, DIFD,
KTOT, LNOT, CONS

o« 1,00

[
ENTER PO, DELX

CALC FX(K),PZ(K)
R LNO,C,F,

JT0T,D,DIP,

EXX(J),2EE(J)

PSUM = O

gguuao?_ 36

CALC X1,21, |
THETA, Rl

e 105

CALC X2, 22,
THETB, R2

i

off

DETAILED
PRINT=-QUT

4 y

PSUM = PSUM + P
QSUM = QSUM + Q

ADVANCE
SUBSCRIPTS FOR
BODY CORNERS

BODY_CORNRRS |
[LAST FACE 2] ——no |

yes

CALC VSUM(X)
HSUM(K) , PSUM(K)

PRINT LNO,C,F,

_D‘_DIP

VSUM(K) , TSUM(K)

PRINT K,FX(K),HSUM(K),

!

VASUM(K) = usm:ix‘b + VSUM(K]

HASUM(K) = HASUM(K) + HSUM(K

[LAST FIELD POINT 7}-R0 4 GO TO 36
L?‘Ol

[LAST BODY ?|-DQ_ 5 GO TO 105
yeos

TASUM FOR EACH K

PRINT K,FX(K),HASUM(K),
VASUM(K) , TASUM

GO TO 40O
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C  FORTRAN PROGRAM FOR IBM 1620
DIMENSION FX(47),FZ(L7),VASUM( 7),Hasum(g7;
DIMENSION VSUM(47),BSuM{LT),EXX(30),ZEE(30
400 ACCEPT,DD,DIPD,KTOT,LNOT,CONS
402 SDD=SIN(,017)533%DD}
cnxrn=cos§.017 5334DIFD
SDIPD=SIN(.0174533#DIFD
601 ACCEPT,F0,DELX
603 DO 60l K=1,KTOT

REK=X
FX(K)=(FO-DELX ) +DELX#RK
FZ(K)=CONS
vasuu&x;-o.

60l, HASUM(K)=0,
105 ACCEPT,LNO,C,F,JTOT
ACCEPT,D,DIP
4,10 SD=SIN(.0174533#D)
CDIP=CO0S (,0174533%DIP)
SDIP=SIN(.0174533#DIP)
DO 11 J=1,JTOT
411 ACCEPT,EXX(J),ZEE(J)
11 CONTINUE
DO 36 K=1,KTOT
PSUM=O,
QSUM=0,
X1=EXX(1)-FX(K)
Z1=ZEE(1) -FZ(K)
RSQ1=X1#:24Z1:t2
IF(x1)110,140,180
110 IF(21)120,130,130
120 THETA=ATN(Z1/X1)=3.1415927
GO TO 200
130 THETA=ATN(Z1/X1)+3.1415927
GO TO 200
1,0 IF(21)150,160,170
150 THETA=-1.5707963
GO TO 200
160 THETA=0,0
GO0 TO 200
170 THETA=Y,5707963
GO TO 200
180 THETA=ATN(Z1/X1)
200 J=2
201 X2=EXX(J)=~FX(K)
22eZER (J) «FZ(K)
RSQ2X2:+-#2+Z23#5+2
AR
210 IF(22 ,
220 THETB=ATN(22/X2)=3.1415927
GO TO 300
230 THETB=ATN(Z2/X2)+3.1415927
GO TO 300



2?0
250
260
270

280
300
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IP(22)250,260,270
THETB=.1,5707963
GO TO 300
THETB=0, 0

GO TO0 300
THETB=1,5707963

@0 TO 300
THETB=ATN(Z2/X2)
IF(21-22)320,31,320

31 P=0

320

32021F

[ ]
=0,
G0 TO 32
OMEGA=THETA-THETB
IF{OMEGA)BZOI,BZOZ 3202

OMEGA-3,1}415927}330, 330, 340

3201IF(OMEGA+3,1415927) 340,330,330

330

340
315*0
360
370

32
33

3L

THETD=OMEGA

GO TO 370

IF (OMEGA ) 350, 360,360
THETD=OMEGA+b 2831853

GO TO 370
THETD=OMEGA~6,2831853

X12=X1 X2

221=22-21

XSQmX1244#2

ZS QuiZ 21 342

xzaa%*nz( :
GL=0,5#L0G(RSQ2/RSQ1

P=( (23Q/(XSQ+23Q) )#THETD ) +( (X2/(XSQ+2SQ) ) #GL)
Q=(THETD# (X2/(X3Q+2SQ) ) ) =(GL#(23Q/ (XSQ+23Q)))
IF(SENSESWITGH 3)33.?&

H=2 ,#C#F#( (CDIP#SD#P) +(SDIP#Q) )
V=2, 4#CuPs#( (CDIP#SD#Q) - (SDIP#P) )
PRINT,X1,X2,21,22,XSQ,2SQ,XZ
PRINT,RSQ1l,RSQ2, THETA , THETB
PRINT,K,J, THETD,GL, P,Q,H,V
PSUM=PSUM+P

QSUMSQS UM+Q

X1=X2

21=22

RSQ1=RSQ2

THETA=THETB

JuJ+1

JR=J=1

IF(JR-JTOT)201,202,202

202 HSUM(K)=2,#C#Fs#( (CDIP#SD#PSUM)+( SDIP#QSUM)

36

VSUM(K)=2, #C#F# ( (CDIP#SD#QSUM) = (SDIPs+PSUM) ;
HASUM(K ) =HSUM(K)+HASUM(K)

VASUM(K ) =VSUM(K ) +VASUM(K)

CONTINUE

PRINT,LNO,C,F,D,DIP

DO 37 K=1,KTOT
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TSUM=(HSUM(K ) #CDIPD#SDD )+ (VSUM(K ) #SDIPD)
37 PRINT,K,FX(K),HSUM(K),VSUM(K),TSUM
3BI§£§NO-LN0T)105, 38,105
381 TASUM=(HASUM(K)#+CDIPD%SDD)+(VASUM(K)#SDIPD)
39 Ilzgng,x,lvx(x) ,HASUM(K ) ,VASUM(K) , TASUM
+.

KR=K-1
IF (XR-KTOT) 381,391,391
391 ggm T0 L,00
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3. A _Simple lixample
Suppose we wish to determine the induced anomalies of

three field points for an assumed body shape as given in Fig, A-2,

- ' ' - . ——> )
(s-‘s) ("‘) ‘ll':) ‘Q.
F
(3,0 L e)

XL
Fig. A=-2

Suppose the axis of the body makes an angle of 60° with magnetic
north, the inclination is 10°, the ambient magnetic field strength
is 50,000 gammas, the susceptibility is 0.001 emu.
We have JTOT = 4, LNO = 1, LNOT = 1, CONS = 5,, KTOT = 3,
FO = §,, DELX = 3,

Information in the following form must be supplied to
the machine by typewriter

60, 10. 3 1 5.

Se¢ 3e

1 ,001 50000, 4

60. 10,

8. 8.

8. 6.

11. 6.

8. 8.
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With senseswitch 3 off numerical results will be printed as

follows:

(LNO) (c) (P)
1 1,0000000E=03 50000,000
(K) FX(K) HSUM(K)
1 50000000 11.142248
2 8.0000000 =25,503102
3  11,000000 =12,179321

(D)
60,000000

VSUM(K)
8.2548530
53.009137

«}43.110189

(DIP)
10,000000

TSUM(K)
10.936315
-12.545855
=17.873370
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Lo Console Operation for Lamont IBM 1620

Switches:

Clear Memory:

Load Tape:

Load Data:

Senswitch 3 ON for detailed print out (used
for trouble shooting only)

Other senseswitches OFF

Program switches OFF

Other switches ON

Reset, Insert, 160001000000, Release, Start,
(after a few seconds) Instant Stop.

Mount object tape, set tape console switch
to Reel. Reset, Insert, 360000000300, Re=-
lease, Start, If machine falls to read, re-
peat previous instructions. If functioning
properly machine will pause 2/3 way through
reading to think but will proceed to end of
tape when i1t will type "Load Data".

Set typewriter tabs at approximately

16 28 45 58 70.

Reset, Insert, 4907500, Release, Start
Numbers must be typed In upper case.,

Minus signs and decimal points in lower case,
Zero in either case.

A space must be typed between successive data
within a 1line of data.

A record mark after the last datum of a line

is optional.



Typing Error:

Stop Output:

Check Stops:
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A decimal point 1s required after floatinge
point data.

A decimal point is optional after fixed-
point data.

1f Incorrect data has been entered in machine
Reset, Insert, 4907500, Release, Start, re-
enter all dsata.

If incorrect data has been typed but not
entered into machine Senswitch li ON, Release,
Start, Senswitch L OFF, repeat line of data.
Depress Stop. Neatness can be achieved by
depressing Stop while carrlage of typewriter
1s in return motion following typing of last
line of desired data. If machine is not
stopped it will automatically return to the
stage where 1t 1s again ready to accept all
data,

If a check stop occurs during data entry 1t
may be dus to a parity error in that part of
the memory related to data storage: Reset,
Insert, 1907500, Release, Start, re-enter
all data.

If a cherk stop occurs at any other time or
if the above procedure falls clear memory,

re-load tape, re-enter all data.
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